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Abstract 

Teacher professional development contributes to shaping an education system and 

to a nation’s economic competitiveness. However, the desire for conformity in 

professional development risks leaving some teachers feeling pedagogically confused, 

disappointed in the compromises they make to their beliefs, and frustrated at the practices 

they are asked to adopt.  

In this study I suggest an emerging specification for mathematics Dialectic 

Professional Development (DPD) which is characterised by the philosophical concept of 

contradiction. I design an example mathematics DPD programme and interpret it through 

the lens of contradiction using a qualitative case study approach. In seeking to gain greater 

insight into mathematics DPD, I draw on insights from three secondary school 

mathematics teachers in the East Midlands of England who participated in my programme 

over one academic year. These insights, in the form of completed programme documents 

and semi-structured interviews are then interpreted through Reflexive Thematic Analysis. 

As a result of my study, I suggest contradiction can be used to interpret beliefs 

about mathematics education as interdependent, moments of variation as acts of self-

sabotage, and belief trajectories as showing journeys not destinations. These themes 

suggest beliefs about mathematics education are contradictory, professional development 

programmes should include moments of variation, and that teachers determine the 

direction of their professional learning. I conclude that mathematics DPD offers a 

structured approach for mathematics teachers to not only develop new practices but to also 

understand their response to these new practices.
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Chapter 1. 

Introduction 

1.1 Synopsis of Chapter 1 

In this thesis I provide a new application of theory to make an interpretation of an 

original mathematics professional development programme I have designed. In this 

chapter, I provide a discussion of the educational context that has led me to design the 

professional development programme, the theory I use, and the research question I seek to 

answer. I begin by setting my personal experiences within the wider educational contexts 

of mathematics teaching and mathematics professional development. Furthermore, I 

discuss an influential professional development experience which ultimately contributed to 

the development of my work. I then move on to explain the philosophical perspective of 

Hegelian contradiction which I adopt throughout this thesis. Following a brief discussion 

of the scope of education, I provide my interpretation of teacher beliefs and professional 

development. These two concepts are further explored in Chapters 2 and 3 respectively, 

but an introduction here helps provide an understanding of the direction of my work. 

Therefore, drawing on my professional experiences and my philosophical perspective, I 

introduce my research question and explain how I seek to answer it in the organisation of 

this thesis. 

1.2 The context of mathematics education in England 

I summarise my perspective on mathematics education in England by looking at 

the overlapping contexts of schools and teacher professional development. These 
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reflections are intended to provide insight into the evolution of my thinking and offer an 

understanding of my position as a researcher. Furthermore, in my discussion of 

professional development, I place an emphasis on my involvement with the Maths-for-Life 

programme (Heal 2021, Woodford and Wake 2023) which has influenced my thinking and 

ultimately led to my desire to carry out this study. 

1.2.1. The mathematics education context of schools in England 

Wright (2012) suggests some of the tensions in mathematics education in England 

can be understood by referencing the Math Wars in the United States. Adopting this 

approach, I therefore broadly recognise the existence of the competing factions of the 

traditionalists advocating a conservative teaching style, and the reformers advocating a 

more progressive style (Schoenfeld 2004). For this initial discussion, I summarise a 

conservative approach as ‘characterised by an authoritarian, transmission model of 

teaching’ (Wright 2012, p. 7), and a progressive approach as ‘typified by the promotion of 

practical activities and personal exploration’ (Wright 2012, p. 8). 

From progressive toward conservative 

When I first became a mathematics teacher in 2002, I was highly influenced by the 

Cognitive Acceleration in Mathematics Education (CAME) Thinking Maths resources 

(Shayer and Adhami 2007). At the time it felt like a natural way to teach, and I can now 

see the focus on a realistic problem, a period of small group collaborative learning, and a 

period of whole class discussion (Shayer and Adhami 2007) would have positioned me 

toward the progressive camp. However, over the intervening years both my approach, and 

the prevailing approach in classrooms in England, gradually began to move toward a more 
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conservative application. The ‘resurgence of teacher-led pedagogies’ (Wright, Fejzo and 

Carvalho 2022, p. 28) could be seen in classrooms with a turn toward ‘bite-sized learning 

objectives and a tendency for mathematics teachers to path-smooth’ (Foster 2013, p. 563). 

The reasons for movement toward conservative approaches are complex, but it is 

suggested influential factors included the development of an assessment focused 

curriculum, the de-professionalisation of teachers (Foster 2013), and teachers acquiescing 

toward policies that saw them be successful in school (Wright 2012). Moreover, recent 

government education policy in England has been focused on the creation of a 

mathematics mastery market (Boylan and Adams 2024). This mastery market includes 

organisations such as the Ark muti-academy trust and their Mathematics Mastery 

programme, along with the National Centre for Excellence in the Teaching of Mathematics 

(NCTEM) and their Teaching for Mastery programme (Boylan and Adams 2024). Echoing 

a more conservative approach, the Mathematics Mastery programme is said to rely on: 

the premise that learning is most effective when concepts are presented by 
teachers in a highly structured an unambiguous way. Examples are carefully 
chosen and sequenced, with minimal conceptual steps, to enable learners to 
draw correct inferences and to avoid cognitive overload (Wright, Fejzo and 
Carvalho 2022, p. 28). 

In 2014, I became a regional lead of the National Centre for Excellence in the 

Teaching of Mathematics (NCETM) Mathematics Hubs programme (Lewis and Maisuria 

2023). In this role I had the opportunity to influence classroom approaches through the 

principles of Teaching for Mastery and the ‘five big ideas’ (NCETM 2023). Attempting to 

classify Teaching for Mastery as either a conservative or progressive approach toward 

mathematics education is not simple. For example, one of the NCETM’s five big ideas 
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reflects a more conservative stance in encouraging curriculum coherence through ‘small, 

connected steps’ (NCETM 2024). However, I also recognise the big idea of mathematical 

thinking could be understood as a more progressive approach in encouraging the 

development of reasoning in students.  

From conservative back toward progressive 

Despite being unable to classify the Mathematics Hubs programme easily, it did 

lead me to gradually question the big ideas of Teaching for Mastery, and to question their 

use in classrooms. Though I had unconsciously moved toward conservative approaches 

over my career, Teaching for Mastery led me back to a more conscious support for 

progressive approaches. I think my personal experience of movement between progressive 

and conservative is typical of many other mathematics teachers. In my experience, 

mathematics teachers would rarely describe themselves as being either progressive or 

conservative, and their classroom practice tends to be a mix of many beliefs. 

Understanding progressive and conservative as two ends of a spectrum feels more 

appropriate, and I suggest many teachers continuously move between these ends over time 

as they engage with professional development. However, I recognise that alongside a 

growth in the mathematics mastery market in England there has been a resurgence of more 

conservative leaning approaches. Nevertheless, I would describe very few teachers as 

being purely conservative and instead see many as blending different beliefs and 

approaches.  
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1.2.2 The mathematics educational context of professional development in England 

Whilst I suggest both Mathematics Mastery and Teaching for Mastery demonstrate 

a growth in conservative leaning professional development programmes, they exist 

alongside many progressive professional development programmes. In 2018, I left my 

Mathematics Hub role for an opportunity to work on developing a more progressive 

approach to mathematics education through the Maths-for-Life programme (Heal 2021, 

Woodford and Wake 2023). This programme was funded by the Education Endowment 

Foundation to support students in England resitting their national mathematics exam. It 

built on work by Swain and Swan (2007) and involved the development of new lesson 

resources and a professional development programme to be evaluated through a large scale 

randomised controlled trial. The thinking of Malcolm Swan has been highly influential to 

me and will be seen throughout this thesis in my initial views of teacher beliefs about 

mathematics education, and my initial views of teacher professional development. 

Development of the Maths-for-Life programme 

The Maths-for-Life programme included a modified form of lesson study intended 

to examine five pedagogic principles of collaborative learning, formative assessment, 

cognitive conflict, closure, and models of structure (Woodford and Wake 2023). For 

instance, we created a new lesson to facilitate teacher learning, and encourage student 

thinking, using matching cards (Woodford and Wake 2023). Within a realistic context, 

groups of students would be asked to place cards to describe scenarios using both ratio 

notation and fraction notation (the principle of collaborative learning). By presenting the 

ratios in the form part to part, and the fractions in the form part to whole, it was anticipated 
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opportunities for discussion would be afforded and misconceptions revealed (the principle 

of cognitive conflict). Once students had placed their cards, teachers were asked to 

introduce a further set of cards to each group displaying a bar model diagram (the principle 

of representations). Finally, teachers were asked to avoid intervening in student 

discussions too early and encouraged to facilitate student-to-student discussion (the 

principle of formative assessment) before clarifying learning at the end of the lesson (the 

principle of closure). 

A critical incident in the Maths-for-Life programme 

As part of the modified lesson study approach that was adopted, I had the privilege 

of watching the ratio-fraction lesson being taught with a class of post-16 students. I 

watched three students working together to place the cards and saw many of the 

anticipated discussions and anticipated misconceptions take place. At the point when it 

would have been helpful to introduce the set of bar model diagram cards, the class teacher 

came over to look at the students’ progress. At this moment the teacher told the students 

their work was completely wrong and wiped out their card placements with a wave of the 

arm. The teacher followed this by explaining a stepwise procedure detailing exactly how 

the students should work out which ratio cards matched with which fraction cards. The 

class teacher acted in a way which felt like the opposite of what the whole professional 

development programme had been encouraging. In the post-lesson discussion, the class 

teacher reflected on this moment by explaining they felt it was simply the correct thing to 

do at the time. Exhibiting what I have already characterised as a more conservative 
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approach the teacher suggested the students had reached cognitive overload and would 

benefit from a small-step explanation. 

As a result of this incident I wondered whether there was a need to create even 

clearer lesson plans and to dictate teacher actions even more precisely. The irony here was 

that I became tempted to use more conservative approaches to encourage teachers to adopt 

progressive approaches. Instead, I started to realise the importance of giving teachers ‘time 

to reflect on their new experiences’ (Swan and Swain 2010a, p. 168) since change is 

complicated. I now see the teacher’s intervention with the students as neither a success nor 

a failure, but as part of their journey. My involvement in the Maths-for-Life programme 

focused my attention on two elements of the teacher’s journey. I felt I had an insufficient 

understanding of teachers’ reactions to the programme, and an insufficient understanding 

of how teachers held a blend of beliefs about mathematics education. My challenge has 

been to recognise that if I believe in a more progressive approach to education, then I have 

a responsibility to improve my understanding of a teacher’s journey in a professional 

development experience. 

1.3 Exploring my philosophical perspective 

My approach to gaining deeper insight into the journey of a teacher has been 

influenced by the philosophical perspective I adopt in this study. I have been drawn to an 

interpretation of Hegel offered by McGowan (2019) and his claim that contradiction is 

Hegel’s ‘great ontological insight’ (McGowan 2019, p. 93). The precise meaning of 

contradiction, and how it is an ontological feature, requires further explanation. However, 

at this point, I highlight the importance of this philosophical perspective since it underpins 
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my entire thesis. It has shaped my conception of the pursuit of knowledge, led to a 

reinterpretation of the concepts I use, shaped the design of the professional development 

materials I created, and influenced my interpretation of collected data. Therefore, in this 

section I seek to summarise McGowan’s (2019) thinking and introduce some of the 

applications to my work which are further explored in future chapters.  

1.3.1 Hegelian dialectics as an epistemology 

I begin with an overview of McGowan’s (2019) explanation of the epistemology of 

Hegelian dialectics since this later underpins the theory of learning I utilise in my 

professional development programme. McGowan (2019) provides an explanation of 

Hegelian dialectics through a contrast with a more traditional interpretation of it as process 

of determinate negation. Singer (2001) summarises the traditional interpretation of 

determinate negation as the identification of an initial position (the thesis), an opposite 

position (the antithesis), and the subsequent creation of a new position (the synthesis). I 

note this traditional interpretation of Hegel has had some influence on education, such as 

in Stojanov’s (2018) educational philosophy, Williams and Ryan’s (2014) design of 

professional development, and MacCarthy’s (2021) approach to thematic analysis. I return 

to consider each of these areas within this thesis by relating them to the explanation of 

Hegelian dialectics offered by McGowan (2019). Whilst the simplicity of determinate 

negation is alluring, I see it as an inaccurate rendering of Hegel which more usefully 

serves as a frame to understand the true trajectory of his work (McGowan 2019). In line 

with McGowan (2019), I see the traditional formulation as providing an opportunity to 

understand the true nature of a thesis, as revealing the redundancy of an external antithesis, 

and as highlighting reconciliation rather than synthesis. 
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The true nature of a thesis 

The traditional formulation of determinate negation relies on the view that a 

contradiction is revealed through the contrast between a thesis and an antithesis. Initially, a 

contradiction can be understood as the contravention of the Aristotelian law of 

noncontradiction (Aristotle 2001) in that something cannot be both true and not true at the 

same time. In contrast, McGowan (2019) argues the contradiction is not external to the 

thesis but is inherent to its conception. Accordingly, seeking to apply the law of 

noncontradiction to any ‘position’ (McGowan 2019, p. 12) leads to the revelation of its 

own contradiction. McGowan (2019) illustrates this with the position of rejecting the 

certainty of all knowledge. In such a case, a contradiction is revealed in the claim of 

‘universal certainty about the lack of certainty’ (McGowan 2019, p. 19). The position 

contravenes the law of noncontradiction in that for it to hold it must simultaneously be 

both true and not-true. It is McGowan’s (2019) contention that The Phenomenology of 

Spirit by Hegel (2018) consists of the examination of a sequence of positions with the 

inherent contradiction revealed in each one. Therefore, the word contradiction moves from 

simply signifying the contravention of a law, to describing a thesis as a position at ‘odds 

with itself’ (McGowan 2019, p. 12), ‘simultaneously negating itself’ (McGowan 2019, p. 

12), and containing a ‘self-betrayal’ (McGowan 2019, p. 28). 

The redundancy of an external antithesis 

If a contradiction can be revealed through the self-betrayal of the original thesis, 

then an antithetical position becomes redundant. Indeed, as McGowan (2019) argues, 

creating an antithesis risks allowing contradiction to be hidden through the creation of 
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opposition. This is an important distinction since the issue is not denying the existence of 

seemingly antithetical positions, but the risk they pose in facilitating the avoidance of 

internal contradiction. Woodford, Clapham and Serret (2023) provide the example of a 

mathematics teacher who created an opponent out of the school leadership team for 

championing antithetical pedagogical approaches. In doing this the teacher was able to 

ignore any contradictions in their own pedagogical beliefs and instead directed their 

frustrations into anger with the school leadership team (Woodford, Clapham and Serret 

2023). I suggest the antithetical pedagogy is not the problem, but that the response to it 

enabled the teacher to avoid considering their own pedagogy. Creating an antithetical 

opponent is unnecessary and risks disguising the existence of contradiction in favour of 

difference (McGowan 2019). 

Reconciliation rather than synthesis 

In McGowan’s (2019) construction of the dialectic process, the antithesis is 

considered redundant and therefore it is no longer possible to create a new position 

through synthesis. Instead, McGowan (2019, p. 14) suggests what has become understood 

as synthesis is better interpreted as reconciliation to contradiction. Reconciliation takes 

place when the existence of contradiction is accepted, it no longer poses ‘enough of a 

problem to catch thought’s interest’ (McGowan 2019, p. 18), and one moves on to explore 

a new position. The previous example of the existence of contradiction when rejecting the 

certainty of any knowledge cannot be resolved. An individual would simply have to accept 

the contradiction exists and move on to examine a new ‘more appealing’ (McGowan 2019, 

p. 18) position. Eventually this new position would also reveal a contradiction, and so the 
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dialectic process continues. McGowan (2019) argues movement of thought does not 

follow from resolving a contradiction, nor from creating a new idea through synthesis. 

Instead, movement of thought occurs when an individual becomes reconciled to the un-

resolvability of contradiction. 

Summarising dialectics as an epistemology 

I summarise McGowan’s (2019) construction of Hegelian epistemological 

dialectics, not as a three-part formula, but as an experience which reveals contradiction. 

Moreover, contradiction is understood as ‘the inability of anything to be identical with 

itself’ (McGowan 2019, p. 16). A similar sense can be seen in Engley’s (2023, p. 747) 

definition of dialectic thinking as seeing ‘the interdependence of things on their own 

internal opposition’. For McGowan (2019, p. 14) this epistemological process becomes the 

‘driving force of all movement’ as an individual moves from one contradictory position to 

explore a new contradictory position.1 Whilst some have suggested thinking advances 

when a contradiction is solved (Pouwels and Biesta 2017), McGowan (2019) argues 

advancement occurs when an individual becomes reconciled to the impossibility of solving 

the contradiction. I return to this understanding of the epistemology of Hegelian dialectics 

and contradiction in my discussion of a learning theory underpinning a new form of 

professional development in Chapter 3. 

 
1 McGowan (2019, p. 18) recognises Hegel ‘did not directly articulate this as his project’, but argues it is an 
inescapable truth illustrated throughout the trajectory of his work. 
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1.3.2 The ontological insight of Hegelian dialectics 

In addition to contributing a better understanding of Hegelian dialectics, McGowan 

(2019, p. 93) also claims contradiction is Hegel’s ‘great ontological insight’. Some have 

argued ontology should supersede epistemology (Guba and Lincoln 1994), but this 

position is not universal. For instance, Žižek (2012, p. 17) reverses the order when he 

states, ‘what appears to us our inability to know the thing indicates a crack in the thing 

itself’. Similarly, McGowan (2019, p. 89) suggests our ability to think contradiction ‘must 

have its condition of possibility in what is’. Repeated reconciliation to contradiction 

eventually leads to reconciliation with contradiction. As an individual realises 

‘contradiction is unsurpassable’ (McGowan 2019, p. 21), they are left with the ontological 

insight that ‘everything is also what it is not and has its identity in what negates it’ 

(McGowan 2019, p. 85). For McGowan (2019) this feature of contradiction can be seen in 

everything from the natural world to human nature2, and from logic to claims about God. I 

believe I have a responsibility to take this ontological claim just as seriously and so seek to 

understand how it can contribute to my understanding of the experience of a mathematics 

teacher professional development programme.  

1.4 The implications of my philosophical perspective 

The implication of seeing contradiction as an ontological feature has affected my 

initial understanding of concepts central to this work. I begin with a brief explanation of a 

contradiction informed perspective of education. From this, I provide my interpretation of 

the concepts of teacher beliefs and professional development through a contradiction 

 
2 Hegel (2018, p. 12) articulates this as ‘everything hangs on grasping and expressing the true not just as 
substance but just as much as subject’. 
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informed lens. These elements are discussed in greater detail in subsequent chapters but 

are mentioned here to provide an initial understanding of my research question. 

Furthermore, an explanation of how I apply contradiction to the analysis of my research 

data takes place in Chapter 5. 

1.4.1 A Hegelian perspective on education 

In considering the scope of education, Biesta (2020) notes the German language 

draws on the two words of Bildung and Erziehung to describe education. Whilst 

recognising there is debate over the meaning of the German words, one approach is to 

suggest they indicate education involves the ‘work of the self’ (Biesta 2020, p. 1019), and 

support for this work respectively. Accordingly, Hegelian educational philosophers such as 

Stojanov (2018) have sought to develop an interpretation of the interplay between Bildung 

and Erziehung. I appreciate Stojanov’s (2018) suggestion that students need to learn to 

apply, and articulate, their beliefs in relation to taught knowledge. This aligns well with 

Biesta’s (2020, p. 1015) suggestion that education should be concerned with ‘the question 

of how the ‘I’ exists as ‘I’’. However, I depart from Stojanov (2018, p. 14) when he 

suggests this development should be supported through the taught process of a thesis-

antithesis-synthesis interpretation of determinate negation. I align more closely with Biesta 

(2020, p. 1018) in suggesting ‘the ‘‘I’ is not the outcome of a process of cultivation’. 

Instead, Biesta (2020, p. 1020) recognises Erziehung is more about arousing the desire of 

others to exist in the world by balancing ‘one’s own desires’ and those of others. Drawing 

on these two uses of the word education, Biesta (2020) broadens his claims to suggest the 

scope of education includes both a cultivation and an experience explanation. This 

provides a recognition of the need to cultivate ‘capacities and capabilities’ (Biesta 2020, p. 
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1015), supplemented by a consideration of how the self should respond to these new skills. 

I anticipate an understanding of Hegelian dialectics, founded in contradiction (McGowan 

2019), may provide an approach to support the work of Erziehung in the positioning of the 

self. 

Whilst I recognise I have provided a very brief interpretation of a Hegelian view of 

education, it highlights the opportunity for a different way of thinking. Indeed, I further 

apply this perspective to teacher education in the form of professional development 

throughout this work. However, I also see this interpretation of education as applying to 

the specific domain of mathematics education. For instance. I maintain teachers of 

mathematics have a responsibility to encourage students to apply mathematical knowledge 

to their values, and to reveal the inherent contradictions. Ernest (2021, p. 40) suggests the 

teaching of mathematics is problematic when it is presented as ‘neutral, value-free and 

bears no responsibility for any of its applications’. Instead, I believe students should be 

encouraged to consider society’s over-valuation of mathematics and to confront any ‘dark 

side’ (Ernest 2021, p. 29) of potential contradictions that exist. 

1.4.2 A Hegelian perspective on two key concepts 

In addition to affecting my underlying perspective around education, contradiction 

also informs my understanding of concepts used in this study. Here I introduce my initial 

contradiction informed interpretation of the concept of mathematics teacher beliefs, which 

I further discuss in Chapter 2. Similarly, I also introduce an initial contradiction informed 

interpretation of the concept of teacher professional development which is further explored 

in Chapter 3. Together these two concepts lead me to define my approach to professional 
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development in Chapter 3, and to exemplify this approach in Chapter 4 in my design of the 

Rethinking Approaches in Mathematics (RAM) programme. 

Teacher’s beliefs about mathematics education from a Hegelian perspective 

Earlier in this chapter, I summarised conservative beliefs as focusing on a 

transmission model of teaching, and progressive beliefs as focusing on personal 

exploration. Swan (2006b) extended this categorisation of teachers’ beliefs about 

mathematics education by using three mutually exclusive categories of Transmission, 

Discovery and Connectionist. This is explained further in Chapter 2, but a teacher might be 

placed in the Transmission category if they believed mathematics should be conveyed to 

students using a ‘chalk and talk’ (Swan 2006b, p. 59) approach. The three belief categories 

satisfy Aristotle’s previously mentioned law of noncontradiction in that they cannot be 

both true and not-true at the same time. In traditional logic, a teacher categorised in the 

Transmission category could not be considered as not-Transmission at the same time. 

Whilst rarely being explicit, I suggest this logic of mutually exclusive classification 

underpins many approaches to categorising teachers’ beliefs about mathematics education. 

However, in this work I intend to apply McGowan’s (2019, p 16) contradiction 

informed perspective of the ‘inability of anything to be identical with itself’, to beliefs 

about mathematics education. For me, a traditional belief statement only provides a partial 

revelation of the teacher’s beliefs around mathematics education. Applying a contradiction 

informed perspective means I anticipate beliefs about mathematics education may be 
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understood in terms of identity and non-identity3, and as depending ‘on what negates it’ 

(McGowan 2019, p 7). Therefore, as an application of McGowan (2019), I anticipate a 

mathematics teacher categorised as Transmission may also reveal ways in which they 

could simultaneously be understood as not-Transmission. How these ideas of identity and 

non-identity, along with ideas of negation, can be interpreted in practice are developed in 

this thesis. 

Mathematics teacher professional development from a Hegelian perspective 

A traditional conception of teacher professional development is that it should bring 

about changes to teacher beliefs, changes to teacher practices, and changes to student 

outcomes (Guskey 2002, Boylan, Coldwell et al. 2018). Debate exists around the order in 

which these changes should take place, with Swan (2011) supporting the view that changes 

to teacher practice give rise to changes in student outcomes, leading to changes in teacher 

beliefs. Irrespective of the order, recent teacher professional development in England has 

been marked by a demand for fidelity (Strom and Viesca 2021) to facilitate the provision 

of causal explanations of impact on student outcomes (Gorard, See and Siddiqui 2017). 

From a McGowan (2019) informed perspective, presenting an approach to teaching, 

without providing opportunities to examine the inherent contradiction, has potential 

negative consequences. Without opportunities for reflection on contradiction, there is a 

risk contradiction is mistaken for difference and opponents are created on which to direct 

anger. Indeed, it has been argued teacher professional development without reflection on 

contradiction has contributed to some teachers feeling pedagogically confused, 

 
3 Hegel (2010, p. 51) articulates this thought when he states an identity is really ‘the identity of the identity 
and non-identity’. 
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disappointed in the compromises they make to their beliefs, and angry at the practices they 

have been encouraged to adopt (Woodford, Clapham and Serret 2023). 

According to a contradiction informed perspective, I believe teacher professional 

development should take care not to claim a noncontradictory approach to teaching. In 

fact, more than that, I suggest teacher professional development should provide 

opportunities to examine the contradictions inherent within the examined approach. It is 

through this process of revealing contradiction that I see the work of the self taking place 

and through which teacher beliefs about mathematics education can be formed. 

Furthermore, I suggest it is not conformity that should be the focus in professional 

development, but the noticing of departure from the anticipated. In line with McGowan 

(2019), I suggest a teacher’s unconscious actions within a professional development 

programme may help to reveal their true desires since ‘what one thinks or claims about 

oneself falls aside in the face of what one does’ (McGowan 2019, p. 43). 4 Therefore, I 

anticipate actions, where teachers react to the programme or make changes, as being 

noteworthy features of teacher professional development. 

1.5 Answering my research question 

Having introduced a contradiction-influenced perspective of the concepts of 

teacher beliefs and professional development I now map out the remainder of this thesis. I 

 
4 Hegel (1892, p. 256) articulates this thought when stating ‘it is true that a man is nothing but the series of 
his actions’. 
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do this by explaining my research question, and then by explaining how each chapter 

contributes to answering the question. 

1.5.1 Articulating my research question 

I am interested in understanding how a contradiction informed philosophical 

perspective can be used to provide a theoretical explanation of a mathematics Dialectic 

Professional Development (DPD) programme. Mathematics DPD is founded on 

McGowan’s (2019) interpretation of Hegelian contradiction and is further explained in 

Chapter 3. In addition, I provide details of my design of a specific case of mathematics 

DPD called the Rethinking Approaches in Mathematics (RAM) programme in Chapter 4. 

The theoretical explanation of RAM will be developed based on my interpretation of 

insights provided by participating teachers. Hence, I am not seeking to study participants, 

but to understand how contradiction provides insight into the design and experience of the 

programme. I then intend to relate these interpretations and explanations of RAM back to 

my understanding of mathematics DPD. Therefore, understood through McGowan’s 

(2019) interpretation of Hegelian contradiction, I aim to answer the research question: 

how can mathematics teachers’ experiences of a Dialectic Professional Development 

programme be interpreted through the lens of contradiction? 

1.5.2 Organisation of this thesis to answer my research question 

To answer my research question in this thesis, I review key concepts in greater 

detail, explain my design of the RAM programme, explain the methodology I adopt, and 
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discuss my approach to analysis and interpretation of data. A summary of each chapter, 

and how they contribute to my thinking, is provided below. 

Chapter 2: Teachers’ beliefs about mathematics education 

In the next chapter I review the conceptualisation and positioning of educational 

beliefs in relation to other linked constructs. From this I introduce the specific sub-

category of teacher beliefs about mathematics education and examine a model developed 

by Swan (2006b, 2006a, 2014). Swan’s model is utilised, and eventually re-interpreted 

through a lens of contradiction, in my analysis of teacher beliefs about mathematics 

education in Chapters 6 and 8. 

Chapter 3: Professional development in mathematics education 

Swan’s work has not only influenced my thinking around beliefs about 

mathematics education, but also my initial approach to mathematics teacher professional 

development. In Chapter 3, I utilise a professional development framework to analyse a 

particular programme developed by Swan which I see as representative of his thinking. 

Using this as a starting point, and by drawing in other literature, I create an emerging 

definition of mathematics DPD. This emerging definition provides thinking in each of the 

six suggested elements of the professional development framework. Importantly, this 

includes a contradiction informed discussion of reconciliation to contradiction as a theory 

of learning, and of agents of change being understood in terms of unconscious actions in 

moments of variation. These ideas subsequently influence the design of the RAM 
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programme in Chapter 4 and as explained in Chapter 5, informs some of the data I 

subsequently prioritise for analysis.  

Chapter 4: The Rethinking Approaches in Mathematics programme 

In Chapter 4, I exemplify the emerging definition of mathematics DPD from the 

previous chapter in the form of the RAM programme. This one-year programme has been 

designed for this study to take place with a department of school mathematics teachers for 

students aged 11 to 16 with the intention of helping to answer my research question. 

Within the chapter I draw attention to the careful development of a mathematical problem 

and the subsequent modified form of lesson study I utilise within the programme. This 

chapter contributes an understanding of the anticipated experience of participants, and 

signposts potential moments of variation I take note of in my analysis of data. 

Chapter 5: Methodology and research design 

In the fifth chapter I explain the methodological approach of case study which I 

adopt to answer my research question. The case is defined as the one-year RAM 

programme as described in Chapter 4, and as experienced by three teachers in an 11 to 16 

school mathematics department in the East Midlands of England. To facilitate an 

understanding of my interpretation, I provide contextual information about both the school 

and the three participating teachers. Furthermore, within this chapter I account for the data 

I use in this study, and my use of Reflexive Thematic Analysis (Braun and Clarke 2021b). 

Together, my data and analytic framework, contribute to the themes and interpretations 

described in Chapters 6, 7 and 8.  
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Chapters 6, 7 and 8: Analysis of themes 

In Chapters 6, 7 and 8 I provide the results and discussion of my three themes 

which were developed from the analytic framework introduced in Chapter 5. Each chapter 

provides both the results and discussion of a different theme with the intention of 

explaining how contradiction can provide an understanding of teachers’ experiences of the 

RAM programme. In Chapter 6, I consider the theme that teachers’ beliefs about 

mathematics education can be conceived of as interdependent. In Chapter 7, I consider the 

theme of how moments of variation are acts of self-sabotage. Then, in Chapter 8, I 

consider the theme of belief trajectories show journeys not destinations. 

Chapter 9: Conclusion 

Finally, in Chapter 9, I summarise my themes, make recommendations, and present 

the implications of my research. I argue a contradiction informed perspective provides an 

original interpretation of teacher’s experiences in a professional development programme. 

I identify the value of a contradiction informed interpretation of beliefs about mathematics 

education as foundational for mathematics DPD. I argue mathematics DPD provides a 

model of teacher professional development which satisfies the scope of education in line 

with Biesta’s (2020) explanation of learning as cultivation and existence. Finally, I suggest 

my work has implications for clarifying government education policy such as that in 

England around the mathematics mastery market (Boylan and Adams 2024). 
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1.6 Summary of Chapter 1 

In this introductory chapter I have provided the educational experiences and 

philosophical underpinning that have led me to this work. I acknowledge my beliefs and 

approaches to mathematics education have varied over my career but identify myself 

toward the progressive end of the spectrum. This perspective means I am committed to 

designing teacher professional development that contributes to the development of 

progressive pedagogies but recognises the contradictions within. Furthermore, I am 

interested in moments of programmes where participants react to the intended design, and 

were they display blended beliefs about mathematics education. To help understand these 

issues, I adopt a philosophical perspective based on McGowan’s (2019) interpretation of 

Hegelian contradiction. I view contradiction as an ontological insight whereby ‘everything 

is also what it is not and has its identity in what negates it’ (McGowan 2019, p. 85). Whilst 

I will link both teacher beliefs and professional development to the work of Swan, I have 

also signalled my intention to interpret the concepts of teacher beliefs and professional 

development in terms of contradiction. With these re-interpretations in mind, I introduced 

my research question and desire to understand how McGowan’s (2019) theory around 

contradiction can provide deeper insight into a mathematics DPD programme. 
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Chapter 2. 

Teachers’ beliefs about mathematics education 

2.1 Synopsis of Chapter 2 

In the first chapter I introduced the professional experiences and philosophical 

perspective which have led to the development of this thesis. I provided my research 

question and thereby signalled my intention to interpret a teacher professional 

development programme through the lens of contradiction. In this chapter, I review the 

conception of teacher beliefs by locating them in relation to other constructs, defining 

them according to three important features, and then examining one specific model of 

teachers’ beliefs about mathematics education. The model I focus on was designed by 

Swan (2006a, 2006b), and I therefore refer to his thinking throughout this chapter when 

locating and defining beliefs. I am drawn to Swan’s (2006a, 2006b) model of teacher 

beliefs as he developed it for use alongside the professional development programmes he 

created. A more detailed discussion of his approach to professional development takes 

place in Chapter 3. An understanding of Swan’s (2006a, 2006b) framework is important 

since I use it in the mathematics Dialectic Professional Development (DPD) programme I 

design for this study and use it to interpret the data I collect. Ultimately, I suggest a re-

interpretation of Swan’s model, according to my contradiction informed perspective, to 

support mathematics DPD. 

2.2 Locating beliefs 

Before examining a definition of teacher beliefs, I first locate them in relation to 

other similar constructs. Therefore, I briefly explain the relationship between beliefs and 
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identity, between beliefs and knowledge, and between beliefs and other constructs in the 

affective domain. Within each of these sub-sections I relate wider education literature to 

the positions I infer were held by Swan, and to the positions I take. 

2.2.1 Beliefs and identity 

Research on teacher identity has been a growing area of interest and significance in 

mathematics education research (Skott 2022). However, debate persists around a precise 

definition of teacher identity (Lutovac and Kaasila 2018, Graven and Heyd-Metzuyanim 

2019, Hong, Cross Francis and Schutz 2024). Views range from seeing beliefs as 

synonymous with identity (Ingram et al. 2020), to seeing them as one of many ‘multiple 

intersecting’ factors affecting identity (Hong, Cross Francis and Schutz 2024, p. 162). 

Whilst Swan (2006b, p. 59) made no direct reference to the term teacher identity in his 

work, he does suggest beliefs ‘help people to understand themselves, to understand their 

environment and to form social groupings around shared values’. This social aspect of 

Swan’s explanation resembles the explanation of identity provided by Wenger (1998, p. i) 

who suggests it is the emergence of ‘who we are’ in a specific social context. Willis et 

al. (2023) have built on this idea to suggest mathematics teacher identity can be 

understood as a function of beliefs about teaching, a sense of belonging to a mathematics 

community, and an enthusiasm for mathematics. Therefore, I hold the position that 

mathematical beliefs emerge in the specific social practices of mathematics education and 

contribute to the shaping of an individual’s identity (Boaler and Sarah 2017). 
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2.2.2 Beliefs and knowledge 

The second way in which I locate beliefs is through a brief discussion of its relation 

to knowledge. I suggest beliefs are operationally viewed as a form of knowledge in terms 

of cognition, but as distinct from knowledge in terms of practice.  

Beliefs as a form of knowledge 

Firstly, in terms of cognition, Chick and Beswick (2018) claim the only difference 

between beliefs and knowledge is the level of consensus each attracts. Furinghetti and 

Pehkonen (2002) expand the basis of the distinction to suggest a statement of knowledge 

can be viewed as one hundred percent true. Therefore, beliefs are conceived of as a form 

of knowledge, with the difference being that knowledge has ‘been affirmed as true on the 

basis of objective proof or consensus of opinion’ (Kagan 1992, p. 73). Whilst I accept 

beliefs operate in a cognitively similar fashion to knowledge, a slight distinction now 

follows in terms of philosophy. In Kantian terms, a statement of knowledge would be 

considered analytic based on being true by definition, whilst a statement of beliefs would 

be considered synthetic based on requiring empirical verification (Kant 2009). I return to 

consider this differential later in my work when applying a more Hegelian perspective to 

the interpretation of statements of belief. 

Despite beliefs and knowledge being ‘inextricably intertwined’ (Pajares 1992, p. 

325), they are further differentiated by how required teacher knowledge has been identified 

in mathematics education. Skott (2022, p. 3) comments knowledge is specifically used to 

refer to the ‘knowledge of subject matter’, and not around beliefs, for mathematics 

teachers. Therefore, numerous models have developed around what mathematics teachers 
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should know, with the most ‘dominant frameworks’ (Skott 2022, p. 3) drawing on the 

work of Shulman (1986). For instance, Shulman’s (1986) influence is seen in the teacher 

model of Ball, Thames and Phelps (2008) who define a series of knowledge domains 

within the general categories of Subject Matter Knowledge and Pedagogical Content 

Knowledge. Similarly, the Mathematics Teachers’ Specialized Knowledge model 

(Carrillo-Yañez et al. 2018, Carrillo 2020) suggests sub-categories of knowledge under the 

headings of mathematical knowledge and pedagogical content knowledge.  

Beliefs as distinct from knowledge 

Some researchers suggest knowledge alone cannot account for the differences 

between the practices of mathematics teachers (Ernest 1989a, Ernest 1989b). Instead, 

given similar levels of teacher knowledge, Ernest (1989a, 1989b) claims underpinning 

teacher beliefs account for any variation that exists. This approach can be seen in many 

models, including Schoenfeld’s (2015) goal-oriented model of teaching where he identifies 

beliefs as one of the three factors affecting classroom decisions alongside goals and 

resources. Likewise, in the Mathematics Teachers’ Specialized Knowledge model 

(Carrillo-Yañez et al. 2018, Carrillo 2020), underpinning beliefs are identified as an 

important factor, though receive little discussion. Swan (2014) also recognises this 

distinction and identifies the importance of both subject knowledge and beliefs about 

mathematics education on teachers’ practice. Indeed, in each of these examples, beliefs 

about mathematics education are understood as being shaped by beliefs in the domains of 

mathematics, teaching mathematics, and learning mathematics. I return to consider each of 

these domains in greater detail later in this chapter. Therefore, to summarise, I align with 
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Beswick (2011), who suggests atomisation of knowledge is insufficient, and an additional 

consideration of teachers’ beliefs provides a better insight into teacher development.  

2.2.3 Beliefs and the affective domain 

Thirdly, whilst beliefs are conceived of as residing in the cognitive domain as a 

form of knowledge (Pajares 1992, Furinghetti 1996), they are also acknowledged as 

having consequences in the affective domain (McLeod 1992, Schuck and Grootenboer 

2000). Within the affective domain, beliefs are considered alongside the related concepts 

of values (DeBellis and Goldin 1999), attitudes, and emotions (McLeod 1992) as 

influencing practice. More widely, Schuck and Grootenboer (2000) suggest beliefs, values, 

attitudes, and emotions can be understood as laying on a continuum of increasing affective 

response and decreasing cognitive response. In practical terms, this translates to an 

increasing intensity of feeling alongside decreasing levels of stability across the continuum 

(McLeod 1992). Therefore, from this perspective, beliefs are seen as the least intense in 

feeling but the most stable and resistant to change of the four concepts. The idea of a 

continuum is further highlighted when emotions are understood as arising in response to a 

situation, attitudes as learnt in response to a situation, values as the criteria shaping 

decisions, and beliefs as positions held (Lomas, Grootenboer and Attard 2012). This 

perspective aligns well with Swan (2014, p. 623) who described how attitudes become 

values ‘as they are thoughtfully chosen, prized, cherished, affirmed and acted on 

repeatedly’. 

Whilst understanding the spectrum of beliefs-values-attitudes-emotions as helpful, 

it is not intended as an exhaustive list of concepts that reside in the affective domain. 
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Ingram et al. (2020, p. 148) suggest it is an area of ‘muddiness’ and question the value of 

the distinctions. Indeed, within mathematics education, Schoenfeld (2019, p. 2) suggests 

the distinctions ‘serve little purpose when one is trying to explain human behavior’. This 

leads Schoenfeld (2010) to introduce an umbrella word of orientations to cover a range of 

affective domain concepts including beliefs. He argues distinctions are unnecessary and 

suggests orientations capture a ‘sense of what matters’ (Schoenfeld 2020, p. 359) to a 

teacher. Such an approach appears reasonable if, as in the case of Schoenfeld, the intention 

is to create a post hoc model that accounts for classroom decisions. However, in this thesis 

I value the distinctions and terminological clarity since I seek to understand an 

interpretation of beliefs, rather than simply explain classroom decisions. 

2.3 Conceptualising beliefs 

Having positioned beliefs in relation to other constructs, I now explain teacher 

beliefs through discussing their conceptualisation by Swan and linking to wider literature. 

Debate exists around a precise definition of beliefs within education (Swan 2006b, 

Hannula et al. 2016, Martínez-Sierra et al. 2020), and so some researchers rely on listing 

features. For example, across various texts, Swan describes teacher beliefs as mental 

constructs (Swan 2007), as being resistant to change (Swan 2006b, Swan 2007), and as 

influencing the way teachers ‘perceive and deploy’ tasks (Swan 2007, p. 226). These 

features accord with what Skott (2015) suggests are an agreed set of features, leading to 

his definition of beliefs as:  

individual, subjectively true, value-laden mental constructs that are 
relatively stable results of substantial social experiences and that have 
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significant impact on one’s interpretation of and contribution to classroom 
practice (Skott 2015, p. 19). 

Both Skott and Swan highlight the main features of beliefs as mental constructs, as 

being resistant to change, and as affecting practice. Therefore, in the following sub-

sections I examine these three features and consider their implications for my work.  

2.3.1 Beliefs as mental constructs 

As previously discussed, beliefs can be considered as a form of knowledge that are 

either not proven or not universally agreed upon. Hence, stating beliefs are mental 

constructs means they are viewed as being subjective and open to change (Skott 2015). 

Swan (2007, p. 226) similarly identifies these two elements when describing his view that 

beliefs ‘evolve with experience’ and are ‘permeable mental structures’.  

The formation of teacher beliefs through experience 

The formation of beliefs through experience aligns with my view that teacher 

beliefs emerge through engagement in the social practice of mathematics education 

(Boaler and Sarah 2017). These social practices include experiences at both the national 

and local level. For example, at a national level, Stigler and Hiebert (2009, p. 87) suggest 

teaching within different countries has evolved over a long period of time based on a 

‘stable web of beliefs and assumptions that are part of the [national] culture’. They claim 

that in mathematics education this stable web of beliefs centres on beliefs in the domains 

of mathematics, teaching mathematics, and learning mathematics (Stigler and Hiebert 

2009). In the national context of England, Dickinson et al. (2020, p. 343) suggest the 

dominant classroom culture is one where students ‘see mathematics as a question of 
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learning rules which lead to answers based on received wisdom’. Such a perspective is 

further supported when Boylan (2021) suggests, in comparison to Shanghai, teaching in 

England is currently dominated by teacher led explanations and individual student 

practice. 

However, I also acknowledge the influence of local variations on mathematics 

teachers’ beliefs. Swan and Swain (2010b, p. 175) draw attention to the importance of 

local context by suggesting changes in teachers’ beliefs are more likely’ following the trial 

of new practices. Swan and Swain (2010b) applied this principle in local professional 

development interventions, but a similar outcome can be seen in the Shanghai 

Mathematics Teacher Exchange (Boylan et al. 2019). Here, teachers participating in the 

exchange reported changes in their ‘beliefs about how pupils learn’ (Boylan et al. 2019, p. 

96) in contradistinction to the national web of beliefs. Furthermore, I also note there are 

suggestions teachers’ mathematics beliefs are influenced by the existing local culture. For 

example, Francome and Hewitt (2020, p. 490) record the case of a secondary school in 

England where students were taught in mixed attainment groups and question whether this 

‘encourages alignment’ of teachers to more student-centred beliefs. Thus, I would argue 

national and local experiences contribute to the formation of mathematics teachers’ beliefs. 

The changing of teacher beliefs 

Once teacher beliefs are recognised as being formed by experience, it is important 

to recognise ways in which these experiences are conceived. Indeed, some of the earliest 

work on teacher beliefs refers to looking to ‘correct’ (Green 1998, p, 50) the beliefs of 

others and to turn subjective beliefs into ‘objectively reasonable beliefs’ (Fenstermacher 
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1978, p. 170). Green (1998) helpfully categorises experiences intended to contribute to 

belief change into two broad strategies of indoctrination and instruction. 

Green (1998) distinguished between beliefs influenced through instruction and 

indoctrination based on whether evidence is used. Indoctrination is a word with negative 

connotations and so caution needs to be exercised in labelling an experience in such a way. 

However, a possible example is given by Ellis, Getti and Mansell (2024, p. 133), who cite 

the Teaching and Leading Innovation Fund in England as leading teacher professional 

development in low social mobility areas but providing no appeal to evidence or 

‘overarching rationale’. I suggest professional development through indoctrination could 

also include the growing trend of school level directives around techniques teachers must 

adopt (Ellis, Gatti and Mansell 2024). For example, Rubel and Stachelek (2018, p. 18) cite 

the example of a school which ‘advocated a constellation of pedagogical techniques’ taken 

from the book Teach Like a Champion (Lemov 2021). Though the appeal to evidence is 

not clear, I note Rubel and Stachelek (2018, p. 18) quote a mathematics teacher who 

explained ‘we have to do that with Teach like a Champion’, despite the practice conflicting 

with the teacher’s personal beliefs about mathematics education. 

Green’s (1998) second identified way to influence beliefs is through instruction 

that appealed to evidence. The proliferation of randomized controlled trials in England 

(Sims et al. 2023) provides one example of the trend toward seeking change through 

interventions based on evidence. However, due to low powered trials, there are suggestions 

that claims of impact are over-exaggerated (Sims et al. 2023). There are examples of 

mathematics education programmes which I interpret as seeking to influence teacher 
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beliefs through instruction. For instance, I suggest the Improving Competence and 

Confidence in Algebra and Multiplicative Structures (ICCAMS) programme (Hodgen et 

al. 2014) provides an example of influencing beliefs and practices based on evidence 

claims. As well as being founded in research-based principles of formative assessment, the 

ICCAMS programme claims to contribute to students making the equivalent of two years 

of progress in one year (Hodgen et al. 2014). 

My interpretation of Swan’s view on experiences influencing teacher beliefs is that 

he worked on the instruction, rather than indoctrination, end of the spectrum. Swan did not 

seek to enforce changes and encouraged change through the evidence of experimentation 

and reflection. Indeed, for me it is this element of inviting teacher reflection on an 

experience that distinguishes instruction from indoctrination. For instance, Swan stated his 

approach to experiences was to ‘invite teachers to take risks and adopt new practices so 

that they have cause to reflect’ (Swan et al. 2013, p. 947) and ‘changes in beliefs are more 

likely to follow changes in practice’ (Swan and Swain 2010b, p. 175). The conception of 

beliefs as subjective, personal mental constructs that are open to change means they are an 

important element of teacher professional development programmes. For me, this provides 

an important reminder to avoid seeking experiences which influence beliefs through 

indoctrination, and to focus on evidence and reflection as part of a teacher’s journey. 

2.3.2 Belief as resistant to change 

The second feature of beliefs mentioned by Swan and Skott (2015) is the idea of 

stability and resistance to change. Schoenfeld (2020, p. 374) argues beliefs ‘are borne of 

experience over time, and they change slowly’. Similarly, Swan claims beliefs are ‘often 
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resistant to change’ (Swan 2006b, p. 59), and that teachers cling to their beliefs 

‘tenaciously’ (Swan 2014, p. 947). One reason provided by Swan (2006b, p. 59) for the 

resistance of beliefs to change is through conceiving of them as operating in a ‘system’. 

Belief systems 

As with some other mathematics education researchers (Furinghetti and Pehkonen 

2002, Thompson 1992, Eichler and Erens 2015, Skott 2022), Swan’s understanding of 

teacher beliefs is linked to Green’s (1998) claim that beliefs cluster together in a system 

rather than exist in isolation. These clusters of related beliefs may include ones which are 

resistant to change, and others which are more open to examination and alteration (Green 

1998). Though individual beliefs may move from being resistant to open, the clustering 

affords some level of protection to change at the system level (Green 1998). This 

clustering conceptualisation appears relatively common across mathematics education 

research with beliefs in the domains of mathematics, teaching mathematics, and learning 

mathematics often viewed as operating in a system (Aguirre and Speer 1999, Swan 2006b, 

Schoenfeld 2010, Carrillo-Yañez et al. 2018, Skott 2022). Thus, the notion of belief 

clustering means the belief in one domain is seen as more resistant to change through its 

association with beliefs in other domains (Green 1998).  

In addition, Cross-Francis (2015) comments beliefs are not necessarily clustered 

together based on logical relationships. Instead, contrasting beliefs may be grouped on a 

‘quasi-logical’ (Green 1998, p. 47) basis based on teachers’ perceptions of compatibility. 

For instance, a teacher could quasi-logically perceive mathematics is discovered (from the 

domain of beliefs about mathematics), and that mathematics should be transmitted to 
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students in the form of procedures (from the domain of beliefs about teaching 

mathematics). One implication of this is beliefs across domains may appear conflicting to 

an outsider but not necessarily to an individual (Op’t Eynde, de Corte and Verschaffel 

2002). 

2.3.3 Beliefs as affecting interpretation and engagement 

The third widely agreed feature of beliefs is they affect interpretation and 

engagement (Skott 2015) in activities. As Swan states, a mathematics teacher’s beliefs 

influence the way they ‘perceive and deploy’ (Swan 2007, p. 226) a task and explain why 

teachers ‘engage in certain practices and not others’ (Swan 2006b, p. 59). However, Swan 

also acknowledged the influence of other factors, and suggested classroom management, 

student expectations, and available resources can compromise a teacher’s beliefs (Swan et 

al. 2013). More generally, Ernest (1989a, 1989b) argued differences in beliefs about 

mathematics education can account for differences in practice of two teachers with similar 

levels of knowledge. Some researchers therefore suggest the existence a causal link 

connecting teachers’ beliefs, teacher’s practices, and student learning (Eichler, Erens and 

Törner 2023). However, seeking to track changes to teachers’ beliefs is complicated by a 

difference in teachers’ self-reported and actual beliefs (Swan et al. 2013). Both Swan 

(2013) and Schoenfeld (2020) cite the case of Mrs Oublier (Cohen 1990) to illustrate how 

a teacher may think their beliefs have changed, but that observers saw no difference in 

practice. This suggests caution should be taken when attempts are made to measure 

changes to teacher beliefs following the experience of a mathematics programme. 
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2.4 Swan’s model of teachers’ beliefs about mathematics education 

Having located and defined teacher beliefs, I now provide a detailed insight into 

the model of teachers’ beliefs about mathematics education that Swan (2006b) developed. 

Swan’s model focuses on a system of beliefs about mathematics education which is a 

development of an approach suggested by Askew et al. (1997), who in turn built on the 

work of Ernest (1989a, 1989b). This is the model I utilise in this study as both part of the 

professional development activities for teachers, and to provide data for interpretation in 

my study. In addition, I apply my contradiction informed philosophical interpretation in 

Chapters 6 and 8 to suggest a reinterpretation of the model. 

The system of beliefs about mathematics education 

Op’t Eynde, de Corte and Verschaffel (2002) include beliefs about mathematics 

education in their synthesised framework of systems of mathematics related beliefs 

alongside beliefs about the social context, and beliefs about the self. Op’t Eynde, de Corte 

and Verschaffel (2002, p. 29) go on to suggest the system of beliefs about mathematics 

education consists of three clustered and ‘interrelated subsets’ of beliefs about 

mathematics, beliefs about teaching mathematics and beliefs about learning mathematics. 

These are the same three belief domains suggested by Ernest (1989a, 1989b), are widely 

used across mathematics education literature (Aguirre and Speer 1999, Schoenfeld 2010, 

Carrillo-Yañez et al. 2018, Skott 2022, Vesga-Bravo, Angel-Cuervo and Chacón-Guerrero 

2022), and are adopted by Swan (2006b) in his model. 

It has been suggested other belief domains could be added to the cluster of beliefs 

about mathematics education to help provide precise explanatory beliefs for teacher 
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actions (Cross Francis 2015). For instance, Mosvold and Fauskanger (2013) support the 

inclusion of a fourth domain of beliefs about the knowledge needed for teaching 

mathematics. Similarly, Xie and Cai (2021) supplement the three domains with an 

additional two of beliefs about students and beliefs about teachers. However, in this thesis 

I will remain consistent with Swan (2006b) and focus on the categories he identified in the 

three main domains. 

2.4.1 The domain of beliefs about mathematics 

Beliefs about mathematics are established as a key determinant toward the teaching 

of mathematics (Thompson 1984, Hersh 1998). Furthermore, Ernest (1989b) suggested 

beliefs in this domain are foundational since they influence beliefs in the other two 

domains. Despite recognising beliefs about mathematics are often implicit and may be 

difficult to articulate for a teacher, Ernest (1989b) names a hierarchy ranging from 

Instrumentalist, to Platonist, to Problem-Solving. Such an approach is acknowledged as 

being ‘widely used’ (Mosvold and Fauskanger 2013, p. 45) across mathematics education 

literature. Therefore, in the left-hand side of Table 2.1, I provide the category names and 

descriptions taken from Ernest (1989a), with the equivalent names and descriptions taken 

from Swan’s (2006b) teacher validated model on the right-hand side. 
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Category 
name (Ernest 
1989a) 

Description of mathematics (Ernest 
1989a) 

Category name (Swan 
2006b) 

Description of mathematics (Swan 2006b) 

Instrumentalist A set of unrelated, utilitarian facts, rules and 
skills which are accumulated for an external 
purpose. 

Transmission A given body of knowledge and standard 
procedures. A set of universal truths and 
rules which need to be conveyed to leaners. 

Platonist A static, but unified, body of knowledge 
which is discovered rather than created. 

Discovery A creative subject in which the teacher 
should take a facilitating role, allowing 
learners to create their own concepts and 
methods. 

Problem 
Solving 

A dynamic, continually expanding creation 
of the human mind which is open to revision 
through enquiry. 

Connectionist An interconnected body of ideas which the 
teacher and learner create together through 
discussion. 

Table 2.1 Beliefs about mathematics 

Adapted from Ernest (1989a) and Swan (2006b).  
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Whilst there are clear links between the descriptors in Table 2.1, there is also a 

difference in emphasis. Ernest (1989a) draws from a philosophy of mathematics 

perspective, whilst Swan (2006b) placed additional emphasis on the application of the 

philosophical perspective to the ‘sub-discipline’ (Golding 2017, p. 461) of school 

mathematics. For instance, the three categories presented by Ernest (2006b) can be 

summarised as mathematics is an instrument (Instrumentalist), is discovered (Platonist), or 

is created (Problem Solving). Hence, for Ernest (2006b), mathematics is seen as either a 

set of rules, a fixed body of knowledge, or an expanding body of knowledge respectively. 

However, in Swan’s (2006b) comparable descriptors he emphasised the practical 

implications of the view in a school setting. The Transmission category retains the 

Instrumentalist emphasis on rules but additionally identifies the teacher as conveying the 

rules to the learners. The Discovery category retains the Platonist sense of discovering 

mathematics but adds the teacher creates opportunities for the learner. The Connectionist 

category retains the Problem-Solving idea of creating mathematics but also identifies the 

teacher as connecting learning through discussion. 

Conceivably, Swan’s descriptors may have been influenced by the numeracy 

descriptors provided by Askew et al. (1997) to describe beliefs about what it is to be a 

numerate pupil. By exemplifying what these beliefs look like in a classroom, I suggest 

Swan (2006b) overlaps into the domains of teaching mathematics and learning 

mathematics. For example, looking at the Transmission statement, I would argue Swan’s 

(2006b) descriptors identify the teacher’s role is to convey information and the learners’ 

role is to listen. This moves away from the original philosophical categorisation that 

mathematics is seen as a ‘set of tools’ (Xie and Cai 2021, p. 749). Swan’s (2006b) adjusted 
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descriptors still capture a sense of teacher’s beliefs about mathematics, but an 

acknowledgement should be made that the original philosophical perspectives are 

supplemented with practical implications.  

2.4.2 The domain of beliefs about teaching mathematics 

Thompson (1992, p. 135) recognised beliefs about teaching mathematics are 

‘eclectic’, unlikely to precisely match theoretical categories, and built over many years of 

experience. Rolka and Roesken-Winter (2015) additionally suggest teachers’ own 

experiences of learning mathematics are particularly influential towards their beliefs 

around its teaching. Kuhs and Ball (1986) identify four distinct views around the teaching 

of mathematics which they name content focused emphasising performance, content 

focused emphasising conceptual understanding, learner-focused, and classroom focused. 

Thompson (1984, p. 137) notes the fourth view, classroom focused, concerns ‘the structure 

of lessons and general pedagogical skills’ rather than being focused on mathematics 

pedagogy. This appears a reasonable explanation for why Ernest (1989a) reduces the 

categories to three views which he names Instructor, Explainer and Facilitator. In Table 

2.2, I summarise Ernest’s (1989a) category names and descriptors and provide the 

equivalent categories and descriptions from Swan’s (2006b) model. It is helpful to note 

Swan retained the category names of Transmission, Discovery and Connectionist in this 

domain that were first introduced in the domain of beliefs about mathematics.   
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Category name 
(Ernest 1989a) 

Description of teaching mathematics 
(Ernest 1989a) 

Category name 
(Swan 2006b) 

Description of teaching mathematics (Swan 
2006b) 

Instructor Mastery of skills alongside correct 
performance. 

Transmission Structuring a linear curriculum for the learners; 
giving verbal explanations and checking that 
these have been understood through practice 
questions; correcting misunderstandings when 
learners ‘fail’ to grasp what is taught. 

Explainer Developing conceptual understanding with 
unified knowledge. 

Discovery Assessing when a learner is ready to learn; 
providing a stimulating environment to 
facilitate exploration and avoiding 
misunderstanding by a careful sequencing of 
experiences. 

Facilitator Problem posing and assisting in problem 
solving. 

Connectionist A non-linear dialogue between teacher and 
learners in which meanings and connections 
are explored verbally. Misunderstandings are 
made explicit and worked upon. 

Table 2.2 Beliefs about teaching mathematics 

Adapted from Ernest (1989a) and Swan (2006b).  

  



 

55 
 

Whilst Ernest (1989a) provided brief descriptions, he additionally noted beliefs 

around teaching mathematics are linked to a teacher’s view of curricular materials. He 

identified teachers may have a strict adherence to a textbook, may seek to modify and 

enrich a textbook, or may seek to construct their own learning sequence. However, Ernest 

did not go so far as to say there is a one-to-one relationship between the three teaching 

categories and the three approaches to curricular materials. In contrast, Swan (2006b) does 

make a much more explicit link by attaching references to a linear curriculum, to careful 

sequencing, and to non-linear dialogue in his three descriptors.  

Askew et al. (1997) suggest the three categories in the domain of beliefs about 

teaching mathematics reflect different points on the teaching-learning spectrum. They view 

teaching as taking priority in a Transmission perspective, learning as taking priority in a 

Discovery perspective, and teaching and learning as being complementary in a 

Connectionist perspective. Swan (2006b) implied the same in his descriptions with the 

additional exemplification of how the belief might appear in a classroom. For example, in 

the Transmission category Swan (2006b) added that a teacher structures the curriculum, 

gives verbal explanations, provides questions, and corrects misunderstandings (Swan 

2006b).  

I also argue Swan (2006b) created a slight change in emphasis with the Discovery 

and Connectionist categories compared to Ernest’s (1989a) original intentions. Swan 

(2006b) created a Discovery category focused on providing experiences, whereas Ernest’s 

(1989a) Explainer category placed an emphasis on a teacher’s role in bringing conceptual 

understanding. Similarly, Swan’s (2006b) Connectionist category focuses on the teacher 
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contributing to discussion rather than on Ernest’s (1989a) original emphasis on seeing 

teaching as posing problems. Considering this, I do not dismiss Swan’s (2006b) categories 

as wrong, but recognise he adjusted the descriptors to capture features he saw as important.  

2.4.3 The domain of beliefs about learning mathematics 

In the domain of beliefs about learning mathematics, Ernest (1989b) suggested 

views exist around two key constructs. Firstly, he identified mathematics learning may be 

viewed on a scale from passive reception to active construction of knowledge. Secondly, 

he suggested learning may be viewed as existing between requiring compliance and 

providing autonomy. The recognition of this complexity may help to account for why he 

suggested both four (Ernest 1989a) and six (Ernest 1989b) potential categories within this 

domain. Beswick (2012) reduces these perspectives to three which, for convenience, I 

adopt in Table 2.3 though retain the sense of Ernest’s (1989a) original wording. In 

addition, since Ernest (1989a) did not provide category names in this domain, the first 

column in Table 2.3 are my suggestions, whilst Swan continues to use the same three 

category names of Transmission, Discovery and Connectionist.  
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Category name Description of learning 
mathematics (Ernest 1989a) 

Category name 
(Swan 2006b) 

Description of learning mathematics (Swan 
2006b) 

Compliant Compliant learner behaviour 
focusing on the mastery of 
skills, through the reception of 
knowledge. 

Transmission An individual activity based on watching, listening 
and imitating until fluency is attained. 

Active Learners actively construct 
their own understanding. 

Discovery An individual activity based on practical 
exploration and reflection. 

Autonomous Learners explore and 
autonomously pursue based on 
their own interests. 

Connectionist An interpersonal activity in which learners are 
challenged and arrive at understanding through 
discussion. 

Table 2.3 Beliefs about learning mathematics 

Adapted from Beswick (2012), Ernest (1989a) and Swan (2006b).
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I summarise Ernest’s (1989a) three views about the nature of learning mathematics 

as compliant obedience, active pursuit of understanding, and autonomous pursuit of own 

interests. This same sense is seen in the descriptors of Askew at al. (1997), who suggest 

the three perspectives see learning as following instructions, as a product of interacting 

with problems, and as following from interactions with others respectively. Swan (2006b) 

once again retained the essence of the descriptions but added additional description based 

on what might be seen in a mathematics classroom. So, the Compliant category is reflected 

in Swan’s (2006b) Transmission category as an individual activity, where learners watch 

and imitate. I also note Swan (2006b) decided to identify Transmission and Discovery 

approaches to mathematics learning as individual activities, whilst the Connectionist 

perspective is identified as taking place in groups. For Ernest (1989a), active learning is 

understood as taking place individually or in groups, and the focus is on making sense of 

provided mathematical opportunities. There is a potential risk that a teacher does not 

identify with Swan’s (2006b) Discovery category if they attend to the emphasis on 

individual work, rather than on the practical exploration element. 

2.4.4 Summary of Swan’s category descriptors 

To summarise, Swan (2006b) created a set of nine descriptors that closely resemble 

the thinking of Askew at al. (1997), and have clear links to the philosophical 

underpinnings suggested by Ernest (1989a). He retained the essence of Ernest’s (1989a) 

explanations but ended up with a simplified model by limiting himself to three categories 

within each domain. Generally, since Swan (2006b) based his descriptions on observed 

teacher actions, he included additional practical details compared to Ernest’s (1989a) 

original descriptions. As noted above, there are times when Swan’s (2006b) 
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exemplifications slightly modify the intentions of Ernest’s (1989a) more philosophical 

descriptors. I think it is helpful to recognise Swan’s descriptors in the domain of beliefs 

about mathematics moved away from philosophical beliefs and toward exemplification of 

practice that infer beliefs. In noting this emphasis, I am seeking to highlight this may affect 

teachers’ interpretations of the descriptors. However, I also note Swan (2006b) validated 

his belief statements against teacher’s own qualitative descriptions of their practice, 

student’s descriptions of their teacher’s practices, and classroom observations. He 

comments that independent researchers recognised the ‘remarkable consistency’ (Swan 

2007, p. 226) that this cross-validation gave. 

2.4.5 The cluster of beliefs about mathematics education 

Swan (2006a, 2006b) used his descriptors and domains in the form of a self-

reported belief questionnaire intended to help quantify beliefs of mathematics teachers. 

The questionnaire consisted of the 9 statements shown in Tables 2.1, 2.2 and 2.3 grouped 

by belief domain. Within each belief domain, teachers were asked to show their 

preferences by weighting the three belief descriptors to sum to 100. Using these domain 

weightings, Swan calculated a mean average Transmission, Discovery and Connectionist 

weighting. I illustrate this process in Table 2.4 with notional belief weightings, though for 

simplicity replace the category descriptions with the category names.
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 Beliefs about 
mathematics 

Beliefs about 
teaching 
mathematics 

Beliefs about 
learning 
mathematics 

Mean 
average 

Transmission 60% 50% 55% 55% 

Discovery 25% 25% 25% 25% 

Connectionist 15% 25% 20% 20% 

Total 100% 100% 100% 100% 

Table 2.4 Illustration of belief weightings about mathematics education 

By calculating the mean average for each belief category, Swan (2006a) effectively 

created a measure for the system of beliefs about mathematics education. In addition, 

Swan (2007) summarised the categories of Transmission, Discovery and Connectionist 

when applied to the system of beliefs about mathematics education. Inevitably, the belief 

descriptions draw on wording from the individual domains and are summarised in Table 

2.5.
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Category from Swan (2007) Description of beliefs about mathematics education from Swan (2007) 

Transmission Mathematics seen as a series of ‘rules and truths’ that must be conveyed to students, teaching is 
‘chalk and talk’, and learning is through individual practice until fluency is attained. 

Discovery Mathematics seen as a human creation, teaching is facilitating and reactive, learning is encouraged 
through individual exploration and reflection. 

Connectionist Mathematics seen as a network of ideas, teaching takes place through proactive challenging of student 
thinking, learning takes place through collaborative discussion. 

Table 2.5 Beliefs about mathematics education 

Adapted from Swan (2007)  
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To summarise, the weightings that teachers ascribe in Swan’s (2006b) belief 

questionnaire are used to provide a mean average teacher’s beliefs regarding mathematics 

education. Swan (2006b) then described the teacher’s beliefs based on their highest mean 

average weighting for the cluster of beliefs about mathematics education. For example, in the 

illustration of Table 2.4, the highest mean average is 55% and so the teacher would be 

described as having Transmission beliefs. I discuss my use of Swan’s belief questionnaire in 

more detail in Chapter 5 and explain my contradiction informed re-interpretations in Chapters 

6 and 8. 

2.4.6 The existence of conflicting beliefs 

The use of domains and categories to understand teachers’ beliefs about mathematics 

education leads to the potential for inconsistent conflicts. There may be inconsistencies 

between stated beliefs and enacted beliefs (Skott 2015), inconsistencies between domains 

(Swan 2006b), and inconsistencies within domains (Askew et al. 1997, Swan 2006b). I 

examine each of these inconsistencies in the context of Swan’s (2006b) model, but suggest it 

reveals a deeper gap in research around the philosophical underpinning of frameworks. 

Inconsistencies between stated and enacted beliefs 

Skott (2015) recognises there may be a difference between the stated beliefs of 

teachers and those that are enacted in the classroom. He suggests this can be caused by 

teachers perceiving self-reported questionnaires as being for a researcher, and that there is a 

lack of shared understanding in terms being used. In addition, Cross Francis (2015) suggests 
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the differences may exist when a researcher fails to include the necessary explanatory beliefs 

in their model. Therefore, it is recommended researchers draw on a variety of data sources 

including short-answer questionnaires, lesson observations, stimulated recall, interviews 

(Skott 2015), and lesson plans (Vesga-Bravo, Angel-Cuervo and Chacón-Guerrero 2022). 

Indeed, Swan (2006b) adopted this triangulation approach in his model and utilised pen-

portraits of the teachers, lesson observations, and questionnaires to support inferences. 

However, it must still be recognised that such models rely on a researcher seeking to fit a 

teacher into their model and imposes a set of belief descriptors on a teacher rather than allow 

them to ‘elicit their own’ (Skott 2015, p. 20). In addition, I note Swan (2006b, p. 59) argued 

the use of weightings within a domain meant teachers could avoid having to ‘choose between 

what they perceive to be false dichotomies’. 

Inconsistencies between domains 

The second potential area in which inconsistencies may exist is between the domains 

being studied. For instance, in Swan’s (2006b) model it is possible that a teacher has 

inconsistencies between the domains of beliefs about mathematics and beliefs about teaching 

mathematics. It is conceivable a teacher identifies most strongly with a Discovery belief about 

mathematics but also believes teaching mathematics requires a Transmission approach. Swan 

(2006a, p. 194) accepted the creation of a single dominant belief about mathematics education 

is a ‘crude’ process. Furthermore, as discussed earlier, these beliefs may appear inconsistent to 

the researcher, but not to the teacher (Op’t Eynde, de Corte and Verschaffel 2002).  
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Inconsistencies within domains 

Thirdly, and as a consequence of Swan asking teachers to weight all three categories, 

inconsistencies may be seen within domains. For example, using Tables 2.4 and 2.5, a teacher 

is understood as believing a teacher must convey mathematics to students (Transmission), and 

facilitate their exploration (Discovery). Swan (2007, p. 226) suggested the categorisations 

show ideal types and in practice teachers combine elements of each of the categories ‘even 

where these appear to conflict’. Similarly, in the model Swan drew on from Askew et al. 

(1997, p. 28), they note many teachers in their sample ‘combined several characteristics of 

two or more’ of their belief categories.  

To explain the existence of conflicting beliefs within a domain, Swan (2011) therefore 

suggested teachers call on different beliefs depending on the context of the lesson. For 

instance, a belief that the learning of mathematics takes place individually may be called upon 

to develop fluency, but the belief that the learning of mathematics takes place collaboratively 

may be called upon to develop reasoning. Alternatively, a teacher may adopt a Transmission 

approach to teaching mathematics with a low attaining class and a Discovery approach with a 

higher attaining class. The mutual exclusivity of the categories is maintained, and teachers are 

understood as switching depending on need. Irrespective, of the suggestion of switching Swan 

still labelled a teacher according to a single dominant category at the level of the system of 

beliefs about mathematics education. 
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2.5 Uses of Swan’s model of teacher beliefs about mathematics education  

In this section I briefly review how Swan’s belief questionnaire has been used by other 

researchers and relate it to my work in this thesis. I structure this by considering how it has 

been adopted to identify teachers’ current beliefs, and how it has been used to measure 

changes to teachers’ beliefs following an intervention. 

2.5.1 Identifying teachers’ current beliefs 

Swan (2006a) and other researchers (Beeli-Zimmermann 2019, Francome and Hewitt 

2020, Calleja 2022) have used the questionnaire to describe teachers’ initial beliefs regarding 

mathematics education. The mean averages are calculated across the three belief domains and 

teachers classified according to their dominant belief about mathematics education. However, 

adopting this approach meant Swan (2006a) excluded some teachers from his studies who 

showed no dominant belief. For instance, one participant had dominant belief weightings of 

34% in both the Transmission and Discovery categories and so was not included in the 

analysis (Swan 2006a). Whilst I see the creation of simplified statements of teachers’ beliefs 

as helpful, the process also reveals the danger of educational dualism. Seeking to classify 

teachers into a category based on their beliefs about mathematics education weightings can 

lead to the exclusion of some teachers. 

Once teachers’ dominant beliefs are ascribed, researchers have used this to make 

inferences. For example, Beeli-Zimmermann (2019) shows teachers with high Connectionist 

beliefs noted certain elements of a mathematics intervention. She therefore suggests 
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professional development experiences should be tailored for the different categories of 

teachers. Similarly, Francome and Hewitt (2020) utilise Swan’s (2006a) questionnaire to 

consider the beliefs and practices of two groups of teachers from secondary schools in 

England. They note teachers who must account for a wide range of student attainment in their 

class tend to show practices more in line with Connectionist beliefs. So, whilst I see 

mathematics teachers’ beliefs as complex, I agree that understanding current beliefs can 

provide insight into teacher experiences. 

2.5.2 Measuring change to teacher beliefs 

In addition to establishing teachers’ initial beliefs, Swan’s (2006a) belief questionnaire 

has also been used to identify changes in beliefs about mathematics education. For example, 

Swan (2006a) and Calleja (2022) have collected pre- and post- intervention questionnaire data 

to claim an intervention leads to changes in participants’ beliefs regarding mathematics 

education. I treat this with some caution since, as already discussed, beliefs should also be 

understood as resistant to change. Additionally, the interventions teachers participated in 

(Swan and Swain 2010b, Swan et al. 2013, Calleja 2022) were designed to encourage the 

consideration of beliefs and practices that I see as aligning most closely with the 

Connectionist descriptors. Following these interventions, three belief trajectories for teachers 

were identified, with teachers moving from Transmission to Discovery, from Transmission to 

Connectionist, and from Discovery to Connectionist (Swan and Swain 2010b, Calleja 2022). 

However, it seems little surprise that interventions designed to support the development of 

Connectionist practices were reported as leading to increased Connectionist beliefs.  
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2.6 Summary of Chapter 2 

I began this chapter by locating beliefs in terms of identity, knowledge, and other 

related constructs in the affective domain. I recognise there is significant overlap with each of 

these areas, but in this study I focus on beliefs about mathematics education held by teachers. 

I suggested mathematics teachers’ beliefs are a component of identity, that they are 

cognitively similar to knowledge, and in the affective domain are seen as the least intense in 

feeling but the most resistant to change. In addition, I noted that whilst beliefs are cognitively 

similar to knowledge, they can also be considered distinct since knowledge alone cannot 

account for differences between teachers’ practices. 

After locating teacher beliefs, I moved on to consider how they are conceptualised by 

referring to three widely agreed upon features. Firstly, I suggested teacher beliefs are seen as 

personal mental constructs which are based on experience and therefore seen as being open to 

change. Secondly, I explained how teacher beliefs are seen as resistant to change, and that this 

resistance is partially explained through the ideas of a system of beliefs. Thirdly, I noted how 

teacher beliefs are understood to affect interpretation and engagement and therefore a causal 

link is identified to student outcomes. 

 Having located and defined teacher beliefs I then moved on to provide a detailed 

account of the model of mathematics teachers’ beliefs proposed by Swan (2006b). Swan 

created a model that provides a numerical measure for the system of a teacher’s beliefs about 

mathematics education. Using these numerical measures, teachers’ beliefs can be classified 
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according to the highest, or dominant, value. Therefore, teachers are considered to have either 

Transmission, Discovery or Connectionist beliefs about mathematics education. 

Finally, in this chapter I noted how Swan’s (2006b) teacher belief questionnaire has 

been used in two main ways. Firstly, it has been used to create an interpretation of teachers’ 

initial beliefs, and secondly it has been used to measure change in teacher beliefs following an 

intervention. Whilst I will go on to suggest an alternative way to understand the measure of 

current beliefs, I do not intend to use the model to measure change. Since beliefs are 

considered resistant to change, in Chapter 5 I explain my alternative use of the model to 

describe teachers’ views of the Rethinking Approaches in Mathematics programme. 
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Chapter 3. 

Professional development in mathematics education 

3.1 Synopsis of Chapter 3 

In the two previous chapters I aligned my philosophical perspective to McGowan 

(2019), and examined a model of beliefs about mathematics education provided by Swan 

(2006b). Swan’s model of beliefs is closely related to his work on professional development 

programmes for mathematics teachers and I again base discussion in this chapter on his 

thinking. In my research question, stated in Chapter 1, I identified a desire to gain insight into 

a mathematics Dialectic Professional Development (DPD) programme. Therefore, my purpose 

in this chapter is to review Swan’s thinking around professional development and use it to 

describe my approach of mathematics DPD. Using a framework proposed by Boylan, 

Coldwell et al. (2018), I explore Swan’s approach, draw on other literature, and apply a 

contradiction informed perspective to provide an emerging definition of mathematics DPD. In 

the next chapter, I exemplify this emerging specification with the design of the Rethinking 

Approaches in Mathematics (RAM) programme which I utilise in this study. 

3.2 Introduction to professional development 

In this sub-section I define teacher professional development, highlight the reason it is 

considered important, and introduce a framework by which models of professional 

development can be analysed and developed. I then employ this framework in the remainder 
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of the chapter to allow me to consider Swan’s approach to professional development, and 

from this develop an emerging specification of mathematics DPD. 

3.2.1 Defining professional development 

Professional development is a ‘contested and fuzzy’ (Czerniawski et al. 2021, p. 39) 

term which overlaps with other disputed terms including professional learning (Boylan and 

Demack 2018), professional learning experience (Heck et al. 2019), and career professional 

development (O’Brien and Jones 2014). As O’Brien and Jones (2014, p. 684) state, ‘the 

question of whether the terms are used, understood or differentiated in practice is a long way 

from being answered’. Some researchers such as MacPhail et al. (2019) claim a distinction 

can be made based on intention. They identify professional development as the result of 

intentional and structured events, and professional learning as the result of informal and 

unstructured events (MacPhail et al. 2019). A similar perspective is taken by Sims et al. 

(2021, p. 7), who create a narrow definition by restricting it to only include ‘structured, 

facilitated activity’. The alternative approach, which I adopt in this study, is to refer to 

professional development as the experience a teacher engages in, and professional learning as 

the resulting outcome for a teacher (Boylan and Demack 2018). 

3.2.2 The importance of professional development 

Governments across the world view professional development as offering a route to 

improve teaching and the educational outcomes of students (Cordingley et al. 2020, Sancar, 

Atal and Deryakulu 2021, Sims et al. 2021, Trivedi 2022). Indeed, Schleicher (2018, p. 63) 
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claims a key component of any high performing school system is the education of teachers 

and helping them ‘grow in their careers’. Furthermore, improved student outcomes are viewed 

as essential to increasing ‘nation-states’ economic competitiveness’ (Kennedy 2014, p. 691) 

and creating a ‘vibrant society’ (Shah and Campbell 2023, p. 1). Aside from economic gains, 

it is suggested professional development ensures teachers stay up to date with recent practices 

(Gardner, Glassmeyer and Worthy 2019); improves teacher confidence and self-efficacy 

(Fletcher-Wood and Zuccollo 2020); and increases the likelihood of teachers staying in the 

profession (Walker, Worth and Van den Brande 2019).  

Considering the associated benefits, governments must make decisions around the 

allocation of finance and time to teacher professional development (McChesney and Aldridge 

2021). Inevitably, decisions across countries vary with teachers in Singapore being allocated 

100 hours of professional development per year (Schleicher 2019), compared to an estimated 

43 hours for teachers in English secondary schools (Van den Brande and Zuccollo 2021). 

These 43 hours in England come at a cost of £3000 per teacher per year (Van den Brande and 

Zuccollo 2021) with teacher time being the largest contributing factor. In their review of the 

mathematics system in England, Noyes et al. (2023) highlight the range of professional 

development interventions that exist and the diversity of stakeholders. Without specifying a 

format, they call for an increased focus on supporting non-specialist mathematics teachers 

with subject knowledge, and inspiring experienced specialists by ‘re-engaging them with 

mathematics’ (Noyes et al. 2023, p. 41). These challenges, time costs, and monetary costs 

mean models of professional development require careful consideration and specification. 
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3.2.3 Understanding models of teacher professional development 

In the rest of this chapter, I analyse the approach to mathematics teacher professional 

development taken by Swan and use this to draw out my explanation of mathematics DPD. I 

do this with the intention of helping to explain the design approach I took for the RAM 

programme I created for this study. Swan revealed a broad approach to the design of 

mathematics professional development as inviting teachers to adopt new practices followed by 

providing opportunities to reflect and then seeing if teachers ‘perhaps modify their beliefs’ 

(Swan et al. 2013, p. 947). Such an approach aligns closely with the professional development 

design model suggested by Guskey (2002) of using professional development to change 

teachers’ practices, leading to a change in students’ outcomes, and a change in teachers’ 

beliefs. Commenting on Guskey’s model, Boylan, Coldwell et al. (2018, p. 122) suggest it can 

support designers of professional development ‘to understand how changes in teacher attitudes 

and beliefs occur’. This aligns well with my intentions in this study, and I therefore include a 

specific model by Swan, and the wider thinking of Guskey, in my analysis of professional 

development. 

To support the analysis of professional development, Boylan, Coldwell et al. (2018) 

suggest a framework consisting of six elements which I summarise, and re-order, in Table 3.1. 
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Framework element Summary of the framework elements 

Philosophical foundations The philosophical underpinning of the professional 
development programme. 

Purpose The intended purpose of the professional development 
programme. 

Components The relationship between the elements of the model. 

Scope The nature of the activities within the professional 
development programme. 

Theory of learning The theory of change and/or learning underpinning the 
professional development programme. 

Agents of change The influences on a professional development programme 
that affect professional learning. 

Table 3.1 A framework for professional development 

Adapted from Boylan, Coldwell et al. (2018) 

In the remainder of this chapter, I analyse Swan’s thinking around professional 

development according to the framework elements shown in Table 3.1. Though Swan created 

several professional development programmes, I will initially draw on the Promoting Inquiry 

based learning in Mathematics And Science education across Europe (PRIMAS) project 

(Swan et al. 2013), which I see as representative of his thinking. Some elements of the 

Boylan, Coldwell et al. (2018) framework are not explicitly clear in the article by Swan et al. 

(2013) and I therefore make inferences where necessary. In addition, and where appropriate, I 
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draw in wider education literature to develop my thinking and specify implications for the 

contradiction informed approach of mathematics DPD. 

3.3 The philosophical foundations of professional development 

Boylan, Coldwell et al. (2018, p. 131) infer Guskey’s model of professional 

development as being founded in a social realist approach which recognises the existence of 

‘generative mechanisms which produce observable regularities across the social world’. In a 

similar fashion, I infer Swan as holding a social realist perspective. Swan sought to identify 

patterns in changes to teachers’ beliefs about mathematics education, which were dependent 

on their initial beliefs, following the experience of a professional development programme. 

When seeking to understand teachers’ experiences, this seems a helpful perspective to inform 

the design of mathematics DPD. Strom and Viesca (2021) take a slightly different approach to 

classifying philosophical perspectives with respect to professional development and suggest 

the categories of dualism and multiplicity. I make a brief consideration of these two 

approaches below and add a third suggestion of dialectics in line with the thinking of 

McGowan (2019). 

3.3.1 Dualism informed professional development 

As per Strom and Viesca (2021, p. 210) I suggest a common philosophical perspective 

in work on professional development is that of dualism which ‘conceives of reality in binaries 

or separations‘. A perspective founded in dualism advances the idea there is a single universal 

reality, reduces complexity to simplicity, and assumes agency lays with human actors (Strom 
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and Viesca 2021). I concur with Strom and Viesca (2021, p. 221) that this approach has been 

highly influential in the development of professional development and has led to a focus on 

conformity and fidelity. Furthermore, it has been argued this traditional dualist conception of 

teacher professional development may contribute to some teachers feeling pedagogically 

confused, disappointed in the compromises they make to their beliefs, and angry at the 

practices they have been encouraged to adopt (Woodford, Clapham and Serret 2023). I 

suggest professional development founded in dualism places an ‘emphasis on sameness’ 

(Strom and Viesca 2021, p. 221), and would risk allowing the contradiction to be avoided in 

favour of creating opponents (McGowan 2019). 

3.3.2 Multiplicity informed professional development 

In rejecting dualism as an underpinning philosophy for teacher professional 

development, Strom and Viesca (2021) call for an alternative approach of multiplicity. They 

suggest this move to multiplicity would shift thinking from seeing ‘the world in individual, 

discrete units to an ‘and, and, and’ worldview of entangled, co-constructed multiplicities’ 

(Strom and Viesca 2021. p. 210). Strom and Viesca (2021) further suggest professional 

development founded in multiplicity is characterised by difference rather than sameness. I 

infer this perspective as underpinning the work of Swan et al. (2013) where the aim was not to 

force teachers to change their beliefs and practices, but to consider different approaches. Swan 

provided resources and opportunities to help teachers develop practices that would align to 

what he saw as the Connectionist perspective (Swan et al. 2013). In contrast to a dualist 

underpinning, I do not believe Swan viewed a single belief category as correct but sought to 
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support teachers in an under-resourced and under-considered belief category. The perspective 

favoured by Strom and Viesca (2021) is appealing but is problematic from a contradiction 

perspective since it retains the categorisation it claims to reject. In contrast, I claim a dialectic 

approach to professional development renders the assumptions of dualism obsolete through 

questioning the premise of noncontradiction. 

3.3.3 Dialectic informed professional development 

As discussed in chapter 1, I see McGowan’s (2019, p. 85) claim that ‘everything is 

also what it is not and has its identity in what negates it’ as an ontological insight. So, whereas 

Strom and Viesca (2021) suggest the defining characteristic of teacher professional 

development should be difference, I suggest it is contradiction (Woodford, Clapham and 

Serret 2023). As McGowan (2019) argues, space and time allow contradiction to be viewed as 

external rather than internal and can therefore be mistaken for difference. There is a risk that a 

professional development programme is only seen as promoting a different approach, rather 

than highlighting inherent contradiction. Mathematics DPD should not suggest to participants 

there are different noncontradictory approaches to mathematics education, but one experience 

of contradiction. Indeed, I argue a mathematics DPD programme has a responsibility to 

surface the contradictions that exist as part of the process of reflection.  

I additionally suggest a mathematics DPD programme, must show a contradiction 

informed understanding of teacher beliefs. As discussed in Chapter 2, teacher beliefs about 

mathematics education can be defined according to statements as seen in Swan’s (2006b) use 
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of the Transmission, Discovery and Connectionist categories. Following a professional 

development programme, a participant might claim they have moved from a certain set of 

beliefs to a different set. However, McGowan (2019, p. 118) would describe this perspective 

as ‘utterly false’ since what we are not, is always integral to what we are. From a contradiction 

informed perspective, I suggest teacher belief categories may be better understood by the 

‘failure to be self-identical’ (McGowan 2019, p. 214), and that ‘at all moments, what I am not 

remains integral to what I am’ (McGowan 2019, p. 118). Therefore, I anticipate the categories 

of Transmission, Discovery and Connectionist only provide a partial understanding of 

teachers’ beliefs about mathematics education. In this thesis, I will seek to explore how this 

understanding of teacher beliefs can be seen in a mathematics DPD programme. 

3.4 The purpose of professional development 

The second element of the Boylan, Coldwell et al. (2018) framework I consider is 

around the purpose of professional development. The wider debate around the purpose of 

professional development includes a discussion of teacher identity (Boylan, Coldwell et al. 

2018) which I understand as ‘who teachers are, believe they are, and want to be’ (Garner and 

Kaplan 2019, p. 8). However, in discussing linear path models of professional development 

such as that of Guskey and Swan, Boylan, Coldwell et al. (2018) suggest the debate around 

purpose centres on supporting teachers versus changing student outcomes. As an additional 

consideration, it should be recognised both views may utilise student outcomes, in the form of 

test scores, as one measure of the programme. However, the distinction helps to focus 

attention on whether the purpose of mathematics DPD should be teachers or students. 



 

78 
 

3.4.1 Influencing teacher beliefs 

Boylan, Coldwell et al. (2018, p. 134) identify ‘professional experimentation’ as a way 

in which teacher beliefs can be influenced. This description aligns well with the approach 

described by Swan et al. (2013, p. 945) of providing opportunities in professional 

development to examine Connectionist orientations rather than ‘traditional transmission-based 

approaches’. Swan et al. (2013, p. 947) express their desire to support teachers to ‘modify 

their beliefs’ through experimentation in new practices followed by opportunities for 

reflection. These opportunities for reflection are described as including the sharing of teaching 

experiences, discussing ‘pedagogical implications’ (Swan et al. 2013, p. 946) and reviewing 

the growth of new beliefs. I see this as a supportive and thoughtful approach, though from a 

contradiction perspective I would add the importance of providing opportunities for teachers 

to consider the contradictions revealed within the process of reflection. I suggest a 

professional development programme, with a purpose of contributing to the formation of 

teacher beliefs, will be characterised by isolated lessons and opportunities for reflection, rather 

than a sequence of lessons designed to improve student attainment.  

3.4.2 Changing student outcomes 

An alternative purpose for professional development is suggested by Desimone (2009, 

p. 183) as ‘student achievement’. It is interesting to note Guskey (2003, p. 750) also suggested 

a modified perspective of the ultimate purpose of professional development as being 

‘improvement in student learning outcomes’. Whilst acknowledging the importance of teacher 

change, Filges et al. (2019, p.6) argue this is only done to ‘serve the ultimate beneficiaries of 
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the intervention, that is, the children’. Similarly, Sims et al. (2021, p. 5) prioritise impact on 

student attainment when they state a purpose of helping all teachers be ‘as effective as the best 

teachers’. In contrast to the purpose of influencing teacher beliefs, I suggest professional 

development programmes in this category are characterised by sequences of lessons designed 

to develop student understanding.  

Examples within mathematics education of focusing on student outcomes can be 

inferred, although there is always an element of supporting teacher change within the 

programme. For example, I see the Improving Competence and Confidence in Algebra and 

Multiplicative Structures (ICCAMS) programme as providing sequences of lessons designed 

for students, based on developing classroom dialogue and teacher’s use of formative 

assessment (Pampaka et al. 2021). The impact on student outcomes is the primary purpose, 

along with a recognition that participants will also develop their pedagogy. Similarly, I infer 

the designers of the Realistic Mathematics Education (RME) programme as seeing their 

purpose to be changing student outcomes through developing alternative approaches to the 

‘‘transmissionist’ classroom cultures’ (Dickinson et al. 2020, p. 342) in England. Indeed, 

Dickinson et al. (2020, p. 342) note that without providing more RME resources, some 

teachers reverted to more traditional approaches following the professional development 

programme. This issue of resources appears important, with Boyd and Ash (2018, p. 222) 

suggesting a well-designed mathematics textbook scheme, with an associated pedagogy, has 

the potential to improve student outcomes and ‘provoke change in embedded teacher beliefs 

that have proved resilient in previous reform efforts’. In addition, Sims et al. (2021, p. 53) 
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suggest lasting change in teachers is more likely when there is an emphasis on developing 

behaviour that aligns to ‘the school’s current practice, or aspirations’. 

3.4.3 The purpose of mathematics DPD 

I would not exclude the possibility of designing mathematics DPD with the purpose of 

changing student outcomes. However, I concur with Evans (2014) in being cautious about 

attempts to identify direct causal impact on students through professional development 

programmes. The reality of change is complex since: 

‘new’ ideas or ways of thinking that have been planted within teachers’ 
consciousness may take time to blossom and to become gradually assimilated 
into their practice – and in the interim such ideas or perspectives may have 
been augmented (or diluted) through interaction with a myriad of other (often 
unrecognizable or unidentifiable) influences (Evans 2014, p. 188). 

Therefore, for mathematics DPD, I suggest student outcomes are not ‘considered 

integral’ (Evans 2014, p. 188) to the purpose. In line with Swan et al. (2013), I argue the 

purpose of mathematics DPD is supporting the formation of teacher beliefs about mathematics 

education. Therefore, rather than being characterised by sequences of lessons, mathematics 

DPD should be characterised by experimentation and opportunities for reflection. This 

statement should also be understood in the context of the philosophical perspective of 

dialectics shared earlier in this chapter. Unlike Swan, my perspective is not to only offer 

support to develop other approaches and beliefs, but to also support teacher’s responses 

through an understanding of contradiction. To summarise, I suggest the purpose of 
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mathematics DPD is the formation of teachers’ beliefs through an understanding of 

contradiction. 

3.5 The components of professional development 

Boylan, Coldwell et al. (2018, p. 123) describe the components of professional 

development as ‘the essential elements of the model and the relationships between them’. 

Since Swan et al. (2013) utilised a linear approach to connecting the components, I focus my 

discussions on two alternative path models. In addition, I refer to Opfer and Pedder’s (2011) 

complexity model but see this as a more useful way to understand professional learning rather 

than a support for the design of professional development (Boylan, Coldwell et al. 2018).  

3.5.1 A linear model for the design of professional development 

In their model, Swan et al. (2013) identify the components of professional 

development, teacher experimentation, student outcomes, teacher reflection, and teacher 

beliefs. Reflecting the purpose of influencing teacher beliefs, these components are considered 

to linearly relate to one another with an initial input of professional development leading to 

teacher experimentation, changes in student outcomes, teacher reflection (as part of the 

professional development programme), and a potential change in teacher beliefs. 

Significantly, it is reflection on the change in student outcomes, in terms of motivation and 

achievement, that Swan et al. (2013, p. 947) claim leads to ‘changes in attitude’. This chain of 

logic reflects Guskey’s (2002) general model of professional development and can be seen 

implicitly in other mathematics professional development initiatives. For example, a very 
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similar approach can be seen in the Maths-for-Life professional development trial in further 

education colleges which sought to support teachers to develop practices around dialogic 

learning (Wake 2022, Woodford and Wake 2023). The professional development programme 

included centrally designed lesson resources and employed an adjusted form of lesson study to 

look at student outcomes and support the reflections of teachers (Wake 2022, Woodford and 

Wake 2023). 

3.5.2 An alternative linear model for the design of professional development 

Reflecting the purpose of changing student outcomes, an alternative linear model 

suggested by Desimone (2009) adjusts the sequence of change. This model posits the 

component of professional development changes teacher beliefs, which consequently changes 

teacher practice, and leads to change in student outcomes (Desimone 2009). I tentatively 

suggest this linear process can be seen in the design of the Shanghai Teacher Exchange 

programme (Boylan and Adams 2024). Recognising I write in broad terms, government 

ministers in England encouraged the adoption of East Asian practices with the aim of 

improving student learning outcomes. Therefore, the input of the Shanghai Teacher Exchange 

programme in terms of observing Chinese teachers was intended to change teachers’ beliefs, 

which would in turn change teacher practice, leading to changes in student results. As with 

any linear path model, the process appears to end, but it is reasonable to suggest any changes 

in student outcomes leads to subsequent changes in teachers. Indeed, changes to student’s 

mathematical vocabulary and ‘increased confidence, resilience and problem-solving abilities’ 

(Boylan et al. 2019, p. 76) led to changes in participants’ ‘beliefs about mathematics teaching’ 
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(Boylan et al. 2019, p. 20). In contrast to the previous linear path model, opportunities for 

reflection (as part of the professional development process) are more difficult to identify. 

3.5.3 A complex model for professional learning 

As with several other researchers (Opfer and Pedder 2011, McChesney and Aldridge 

2021, Strom and Viesca 2021), I question the value of the dominant, linear, conceptualisation 

of professional development. Instead, drawing on complexity theory, Opfer and Pedder (2011) 

suggest the relationship between components of professional learning can be understood as 

three interacting subsystems of the school, the teacher, and the professional development 

activity. To this I would add a fourth influence of the larger educational system, as identified 

by Strom, Martin and Villegas (2018). A diagrammatic representation of these systems of 

professional learning is offered in Figure 3.1. 
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Figure 3.1 The systems of professional learning 

At the educational system level, I recognise the dominance of neo-liberal discourses of 

performativity in England (Boylan, Coldwell et al. 2018). Moreover, after government 

intervention in education following the COVID-19 pandemic, Jones and Ball (2022, p. 1) 

suggest we are at ‘the start of another regeneration’ of neo-liberalism. Similarly, influences at 

the school system level in England can be seen in local adaptations of the borrowed teaching 

for mastery policy (Clapham 2024). In addition, at the local school system level, there is a 

‘resurgence of teacher-led pedagogies’ (Wright, Fejzo and Carvalho 2022, p. 28) in England. 

At the level of the teacher system, as described in Chapter 2, mathematics teacher’s existing 

beliefs are recognised as affecting their trajectories of change following a professional 

development experience. Together, these influences highlight the risk of linear conceptions of 
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professional development, and of believing programmes can lead to consistent outcomes 

across all settings. As Strom and Viesca (2021, p. 221) note, recognising complexity explains 

why ‘it is simply not possible to ‘train’ teachers to implement pedagogies’. 

3.5.4 The components of mathematics DPD 

Despite recognising the value of complexity, I see Opfer and Pedder’s (2011) model as 

more helpful for understanding the professional learning a teacher experiences. For the design 

of mathematics DPD, I return to the linear path model components utilised by Swan. 

However, I suggest Swan recognised wider influences on professional learning but saw them 

as influencing a teacher’s experimentation and reflection. For instance, amongst reasons for 

teachers being resistant to change, Swan identified factors at each of the system levels in 

Figure 3.1. He noted how teachers referred to national examination pressures, student 

attitudes, and personal beliefs about mathematics education as reasons for not adopting new 

practices. Therefore, for the design of mathematics DPD, I adopt the linear path model of 

seeing an initial professional development input encouraging teacher experimentation, leading 

to reflection on changes to student outcomes, supporting the formation of teacher beliefs about 

mathematics education. 

3.6 The scope of professional development 

Drawing on Boylan, Coldwell et al. (2018), one way to understand scope is to consider 

the elements that contribute to the professional development programme. Therefore, in this 

sub-section I review the design suggested by Swan et al. (2013), before examining a more 
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general list of features of effective professional development and the notion of causal 

mechanisms. This leads to the identification of elements I suggest are important in the design 

of mathematics DPD. 

3.6.1 The scope of the PRIMAS professional development programme 

Swan et al. (2013) conceived the scope of PRIMAS at the meso-level (Boylan, 

Coldwell et al. 2018) in relating their designed activities to professional learning. They 

suggested a five-part structure to the programme of identifying current beliefs and practices; 

considering contrasting practices; examining a provided lesson plan; teaching a lesson and 

analysing the lesson (Swan et al. 2013). They acknowledge this model ‘has resonance with 

Japanese Lesson Study’ (Swan et al. 2013, p. 946), though additionally recognised the need 

for adaptions in a European context. For instance, on a practical basis they suggested there 

would be no requirement for teachers to watch other teachers’ lessons nor for an outside 

expert to support lesson analysis.  

There has been a growing interest in lesson study, and Japanese lesson study 

specifically, as a form of professional development in both England and the rest of the world 

(Seleznyov, Goei and Ehren 2024, Wake 2024). One distinguishing feature of Japanese lesson 

study is the prioritisation of developing mathematical thinking in students rather than 

demonstrating a model lesson (Woodford 2024). Seleznyov (2019) identifies the critical 

components of Japanese lesson study as a school-wide research focus, collaborative creation 

of a lesson plan, the teaching and observation of a research lesson, a formal post-lesson 
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discussion, and the involvement of an outside expert. Shimizu and Kang (2022) describe the 

importance of the post-lesson discussion to the model of Japanese lesson study in supporting 

teacher reflections. They note how the formal process encourages participating teachers to 

focus their reflections on the development of pedagogies to support student learning and 

problem solving. Shimizu and Kang (2022) further suggest it is the focus on student learning 

that facilitates the professional growth of teachers. This Japanese influenced approach can be 

seen in the work of Swan et al. (2013) and has been adopted, and adapted, by Wake (2018, 

2022, 2024). Wake (2024) reports that following the use of an adjusted form of lesson study, 

teachers had a better understanding of applying the principles of Teaching for Mastery (in a 

post-16 context), changed their immediate practice, changed their intended practice for future 

years, and saw improved student understanding and engagement. Once again, the value of an 

emphasis on reflection around student outcomes can be seen. 

3.6.2 General components of effective professional development 

Before considering the applicability of features of the design of Swan et al. (2013) to 

mathematics DPD, I first note the wider debate around features of effective programmes. For 

example, Desimone (2009) argues effective professional development is subject focused, 

involves active learning, is spread over time, is a collective endeavour, and coheres with 

existing curricula. However, this list is not intended as a definitive list with, for example, 

Darling-Hammond, Hyler and Gardner (2017) concurring with the first four elements but also 

suggesting that coaching, mentoring, and feedback should be included.  
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Within mathematics education, Joubert and Sutherland (2009) suggest a similar list of 

effective elements, stating professional development must be sustained over time; include 

elements of mathematics, learning mathematics and teaching mathematics; should be 

grounded in classroom practice; and should provide opportunities for reflection and enquiry. I 

note this study is often quoted in mathematics research (Foster 2022, Treacy and Leavy 2023, 

Wake et al. 2023), which may create a compounding effect around the essential nature of 

these elements. In contrast, in the evaluation of the Shanghai Mathematics Teacher Exchange 

(Boylan, Maxwell et al. 2018), it is suggested effective professional development includes the 

features of being sustained over time; adapted to local requirements; tailored to teacher needs; 

focused on adaptation rather than reproduction; include opportunities for enquiry; and provide 

opportunities for collaboration. This lack of agreement around essential elements of effective 

professional development suggests caution needs to be adopted. As Asterhan and Lefstein 

(2024, p. 11) advise, it is the desire to find ‘simple answers to complex questions’ that can 

lead to attempts to produce a list of effective features of professional development. 

Rather than seek to synthesise the already synthesised lists of effective features, I 

concur with Sims and Fletcher-Wood (2021) and note the flaws in logic. They argue the 

creation of such lists may be based on inappropriate inclusion criteria and on incoherent 

inference processes. With respect to inference, Sims and Fletcher-Wood (2021) suggest the 

existence of a feature within an intervention should not be used to conclude the feature is 

necessary. So, the presence of opportunities for reflection in a successful intervention is not 

sufficient to imply it is essential. Asterhan and Lefstein (2024) extend the criticism by 
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identifying that the professional development intervention itself, and not its features, is usually 

the object of study in research. They therefore suggest any claims about effective features 

should be based on studies that trial the intervention in different ways. To some extent, this 

approach can be seen in the Centres for Excellence in Maths Teaching for Mastery trial (Wake 

et al. 2023) which included a comparison of an intervention with lesson study to the same 

intervention without lesson study. Indeed, Wake et al. (2023) suggest the trial with the lesson 

study element led to additional student progress compared to that without.  

A causal mechanism approach to professional development 

In addition to effective features of professional development, there is also support for 

finer design granularity in terms of causal mechanisms (Sims et al. 2021). These mechanisms 

are seen as ways to change behaviour and appear to be grounded in cognitive and behavioural 

science. For example, Sims et al. (2021) group fourteen causal mechanisms into four 

categories of instilling insight, motivating goal-directed behaviour, teaching new techniques, 

and embedding practice. I suggest reducing design to causal mechanisms is what Wenger 

(1998, p. 265) warned against when he stated the mechanics of learning should never ‘become 

the primary focus of educational design’. Since the causal mechanism approach places little 

value on teacher reflection it is not a perspective I will base decisions on when designing 

mathematics DPD. 
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3.6.3 The scope of mathematics DPD 

For mathematics DPD, I recognise the five elements suggested by Swan et al. (2013) 

help to place a focus on teacher beliefs and reflection. In Table 3.2, I suggest adjustments to 

the five elements (both in order and emphasis) that ensures consistency with my contradiction 

informed perspective. I highlight the importance of opportunities for reflection around 

contradiction in three of the stages. This is intended to support my view that the purpose of 

mathematics DPD is the formation of beliefs through an understanding of contradiction.  
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Element Name Description 

1 Examination of existing 
beliefs 

Teachers should have a structured opportunity to identify their current beliefs 
about mathematics, teaching mathematics, and learning mathematics. 

2 Examination of 
mathematics 

Teachers should have opportunities to examine different mathematical approaches 
to solving a problem, and to reflect on the beliefs about mathematics they view as 
underpinning the mathematics problem.  

3 Examination of teaching 
mathematics 

Teachers should have opportunities to examine a pre-designed research lesson plan, 
and to either commit to certain key actions, or justify an alternative approach they 
will adopt. Teachers should reflect on the beliefs about teaching mathematics 
they believe underpin the design of the lesson plan. 

4 Teaching of a lesson Teachers should have opportunities to teach the research lesson individually, 
according to their adapted version of the research lesson plan.  

5 Examination of learning 
mathematics 

Teachers should have the opportunity to discuss the learning of the students in their 
research lesson. Teachers should reflect on the beliefs about learning 
mathematics they saw in their research lesson. 

Table 3.2 Suggested elements of mathematics DPD 
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Together the five stages in Table 3.2 create an adjusted form of lesson study which I 

see as suitable for mathematics DPD. At the end of each of elements 2, 3 and 5, teachers are 

asked to reflect on beliefs about mathematics, teaching mathematics, and learning 

mathematics respectively. In doing this, there is an anticipation that the contradictory nature of 

the underpinning beliefs behind the approach being examined will be revealed. 

Whilst I do not suggest an adjusted form of lesson study is the only design that is 

appropriate for mathematics DPD, I do suggest it aligns with the stated purpose. Indeed, 

Stigler and Hiebert (2016) suggest modifications of Japanese Lesson study may be useful in 

providing opportunities for teachers to reflect on their cultural beliefs. Swan et al. (2013) 

recognised the resemblance of their model to Japanese lesson study, with the practical 

adaptations suggested of not requiring teachers to watch the research lessons of others and not 

utilising an outside expert to analyse lessons. I will adopt the same practical adaptations for 

the model of lesson study I utilise in mathematics DPD. In addition, Nguyen and Tran (2023) 

note how a cross-cultural lesson study process led to changes in mathematical knowledge and 

beliefs about learning mathematics for participants. They suggest the use of resources 

‘adopted from different cultures’ (Nguyen and Tran 2023, p. 831) is pivotal in encouraging 

teacher reflections. Thus, I anticipate an adjusted form of lesson study including a research 

lesson plan drawing on approaches from different countries, is a useful feature to encourage 

teachers to reflect on the contradictions inherent within cultural beliefs about mathematics 

education. 
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3.7 The theory of learning in professional development 

The fifth element of the Boylan, Coldwell et al. (2018) framework I consider is around 

the theory of learning. Once again, I begin by considering the theory of learning adopted by 

Swan et al. (2013) before applying my McGowan (2019) informed perspective. 

3.7.1 A social theory of learning for professional development 

I infer the work of Swan et al. (2013) as falling under the broad category of a 

sociological perspective with a clear statement around the influence of ‘social constructivist 

and socio-cultural theories of learning’ (Swan et al. 2013, p. 946). Similarly, the cause-and-

effect approach of social realism can be seen in the linear conception of professional 

development eventually leading to changes in teacher beliefs of Swan et al. (2013). Other 

models of mathematics professional development in England have also drawn on theories 

within the broad umbrella of a sociological perspective. For example, Wake (2022) draws on 

activity theory and communities of practice to explain learning at both the collective and 

individual level. Similarly, the ICCAMS intervention utilised ‘peer support networks’ 

(Pampaka et al. 2021, p. 16) to aid in the development of approaches. 

3.7.2 A dialectic theory of learning for professional development 

Within mathematics education, Williams and Ryan (2014, 2020) have provided an 

example of socio-cultural, dialectic thinking in mathematics professional development. They 

claim a well-designed lesson study process can challenge teachers’ current practices, and lead 

to a new set of beliefs about mathematics education. They adopt an epistemological 
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conception of dialectics as determinate negation through the thesis-antithesis-synthesis model 

(Williams and Ryan 2020, Williams and Ryan 2014) discussed in Chapter 1. For instance, 

they might see a teacher’s beliefs as the thesis, observed student outcomes as the antithesis, 

and a new approach adopted as the synthesis. I see this approach as representative of 

professional development that employs dialectics as a theory of learning, but view it as an 

inaccurate, and insufficient, interpretation of Hegelian dialectics. 

3.7.3 A theory of learning for mathematics DPD 

For me, mathematics DPD should not be about moving through a process which is 

designed to ‘progress from the old to the new level of thought’ (Williams and Ryan 2014, p. 

379) through the synthesis of two positions. Instead, I suggest professional learning takes 

place in mathematics DPD through the revelation of contradiction. I believe teachers should 

be encouraged to examine a new approach, reflect on the beliefs about mathematics education 

underpinning the approach, and be encouraged to notice the contradictions that exist. Rather 

than seeking to resolve the contradiction I take the perspective that the contradiction cannot be 

resolved (McGowan 2019). Ultimately, mathematics DPD should include cycles of examining 

different approaches and revealing the contradictions within each. I suggest professional 

learning takes place in the social context of teachers forming their beliefs about mathematics 

education through their desire to trial new approaches, examine the new approaches, identify 

the contradictions, and move on to trial another approach. Dialectics as a learning theory 

becomes a source of animation, not by seeking to eliminate contradiction, but by finding ‘a 

path to sustain it’ (McGowan 2019, p. 16). 
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It is possible to interpret the experiences of some of the teachers in the PRIMAS 

project according to my dialectic theory of learning. Swan et al. (2013) reported 31 teachers 

(out of 71) began their professional development programme with what is described as a 

Transmission set of beliefs about mathematics education. These teachers experienced the 

same programme as the other 40 teachers and identified ‘the shortcomings of transmission 

methods’ (Swan et al. 2013, p. 951). Whereas Swan et al. (2013) interpret this as a reason for 

the teachers to move to a different set of beliefs, I re-interpret the teachers as identifying 

contradiction in the Transmission approach. In addition, this example provides an indication 

that teachers with different beliefs about mathematics education may have different views of 

the methods being supported by the professional development programme. Whilst Swan et al. 

(2013) saw the teachers’ subsequent movement to a new belief position as following from the 

resolution of contradiction, I suggest they may have moved from one contradictory approach 

to another. 

3.8 Agents of change in professional development 

In this section I review the theorisation of the agents of change (Boylan, Coldwell et 

al. 2018) conceptualised by Swan et al. (2013) in their model of professional development. 

Following links to wider education literature, I apply my contradiction informed perspective 

to suggest an understanding of teacher agency in mathematics DPD. 
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3.8.1 Agents of change in the PRIMAS model 

Swan et al. (2013) conceived of change as a linear process which involves the input of 

the professional development programme, trialling new practices, reflecting on the new 

practices, and the modification beliefs. Therefore, I suggest the agents of change are 

understood as the professional development programme, the students who experience the new 

practices, and the teacher involved. 

The influence of professional development programmes  

Drawing on activity theory, Swan et al. (2013) theorise the influence of the 

professional development programme resources they design. They suggest the resources they 

create (tools) are mediated by the curriculum goals (rules), the school (communities) and the 

roles of participants (division of labour). A similar approach is seen when Wake (2022, p. 17) 

affirms the importance of careful design so that ‘each of the elements we produce should not 

be left to chance’. Therefore, I suggest the importance of careful design in all elements of a 

lesson study process. 

The influence of students 

Swan et al. (2013) acknowledge the role of students in bringing about change to 

teacher’s beliefs. They suggest beliefs about mathematics education change once teachers see 

the new practice ‘improves student motivation and achievement’ (Swan et al. 2013, p. 947). 

There is some indication of this occurring in practice in the paper by Swan et al. (2013), 
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however they also note factors that countered the improvements in student motivation and 

achievement. For instance, Swan et al. (2013) identify how some teachers felt students could 

not cope with the changed practices, and others worried about a negative influence on national 

exams.  

The influence of teachers 

Following the trialling of new resources, Swan et al. (2013) suggest the teacher is then 

responsible for change through reflection. Here Swan et al. (2013) utilised their lesson study 

model so that teachers ‘reflect on the growth of new practices and beliefs’ (2013, p. 946). The 

importance of teacher agency in change can also be seen in the identification of trajectories for 

teachers based on the teacher’s initial beliefs about mathematics education. For instance, most 

teachers initially classed as having Discovery beliefs prior to the professional development 

programme moved to Connectionist following the intervention (Swan et al. 2013).  

3.8.2 Agents of change in mathematics DPD 

For mathematics DPD I suggest changes in teacher beliefs are influenced by the design 

of the research lesson for professional experimentation, the learning that is seen, and the 

teachers’ current beliefs. I value the opportunity to ‘create constructive tensions’ (Garner and 

Kaplan 2019, p. 28) where teachers can look to ‘handle, and not eliminate, the resistance, 

ambiguities and tensions’ (Hordvik, MacPhail and Ronglan 2020, p. 10). In this work I will 

refer to these constructive tensions as occurring in moments of variation which I explain by 

drawing on McGowan’s (2019) description of the divided self. 
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The divided self 

Following through on his claim that contradiction is an ontological feature, McGowan 

(2019) extends his thinking to provide an explanation of some human actions. In short, 

McGowan (2019) suggests the contradiction of human nature can be seen in the conscious and 

the unconscious of the divided self. I will explain this with an example before drawing out 

important aspects of the claim and applying it to teacher professional development. McGowan 

(2019) illustrates his thinking with a person consciously seeking to overcome the 

contradiction between wanting to live in a nice house and their lack of money, through 

working long hours. The individual may indicate a conscious desire to overcome the 

contradiction, but their unconscious actions reveal their true intentions. For example, the 

individual may unconsciously oversleep and be late for work, act inappropriately at a party, or 

have an affair with the manager’s spouse. In each of these cases, McGowan (2019) claims the 

individual creates the conditions to sustain the contradiction. McGowan (2019) argues the 

individual’s actions reveal it is working long hours, not the nice house, that have become the 

real source of satisfaction. Despite conscious claims of what is desired, McGowan (2019) 

argues the unconscious seeks to self-sabotage and sustain the conditions for the real source of 

satisfaction.  

In terms of teacher agency, the important features to note in this example are the role 

of conscious desires and unconscious actions. For McGowan (2019, p. 42), the existence of 

our unconscious fits with a contradiction informed ontology and reveals we are ‘inextricably 

out of joint’ with ourselves. Our conscious desire may be to overcome contradiction and 
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achieve harmony, but this is thwarted by our unconscious desires. Drawing on Freud’s work 

in Beyond the Pleasure Principle, McGowan (2019) argues it is our unconscious that drives 

our actions so that we subvert our conscious desires and sustain engagement with the 

contradiction. We unconsciously find satisfaction ‘through the failure to attain’ (McGowan 

2019, p. 50) that which we consciously think will resolve the contradiction. Hence, I suggest 

in professional development, teachers should be understood as agentic though with a 

recognition they may subvert their conscious desires through unconscious actions. To 

generalise this argument, I suggest McGowan (2019) identifies an individual seeking to 

overcome the contradiction between A and B through C. Actions are then interpreted as a 

desire to maintain the contradiction between A and B, with the inference that satisfaction is 

found in C. 

To provide an example in an education context, I suggest a teacher might consciously 

seek to overcome the contradiction between improving student outcomes (A) and a lack of 

student engagement (B) by trialling a new approach suggested in a professional development 

programme (C). However, their unconscious might find ways to subvert the new approach so 

the contradiction would be maintained. For example, the teacher might change the suggested 

approach or make a subversive adjustment during the lesson. The teacher unconsciously 

maintains the contradiction between student outcomes (A) and engagement (B). Hence, it 

could be argued the teacher finds unconscious satisfaction in repeating experiences of 

professional development (C) rather than in achieving better student outcomes (A). Whilst I 
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acknowledge better student outcomes may provide temporary satisfaction, I also suggest this 

would soon be replaced by the desire for even better examination outcomes in the next year. 

In mathematics DPD, I intend to take notice of the contrast between conscious claims 

and contrasting actions. The importance of actions is highlighted when McGowan (2019, p. 

43) suggests what we claim about ourselves ‘falls aside’ in comparison to what we do. 

Therefore, in mathematics DPD I will design for, and take note of, moments of variation 

where there is an opportunity for conflict between what a teacher claims they want and an 

interpretation of what is seen. I further develop this idea in Chapter 5 when applying my 

analytic framework to my collected data. 

3.9 Summary of Chapter 3 

In this chapter I have used a professional development framework suggested by 

Boylan, Coldwell et al. (2018) to interrogate the approach taken by Swan. Through 

considering Swan’s approach to my philosophical perspective, I have created an emerging 

specification for the design of mathematics DPD. This specification is summarised in Table 

3.3 and forms the foundation of the design work discussed in the next chapter. 
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Framework element Summary for mathematics DPD 

Philosophical foundations Hegelian contradiction as an ontological feature in line with the thinking of McGowan (2019). 

Purpose The formation of teacher beliefs about mathematics education through an understanding of 
contradiction. 

Components A linear path of professional development, to teacher experimentation, to reflection on changes to 
student outcomes, to potential changes in teacher beliefs. 

Scope Activities designed around an adjusted form of lesson study which facilitate an examination of 
beliefs about mathematics, teaching mathematics and learning mathematics. 

Theory of learning Professional learning understood as reconciliation to the existence of contradiction in beliefs about 
mathematics education. The process of reconciliation requires repeated study and reflection on 
alternative approaches and beliefs about mathematic education.  

Agents of change The teacher is agentic, though as a divided self has both conscious and unconscious desires. 
Moments of variation may reveal where the unconscious seeks to remain engaged in contradiction 
through subverting the conscious desires.  

Table 3.3 A framework for mathematics DPD 
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Chapter 4. 

The Rethinking Approaches in Mathematics programme 

4.1 Synopsis of Chapter 4 

Having conceptualised mathematics Dialectic Professional Development (DPD) in the 

previous chapter, I now introduce the resources designed specifically for this study. I created 

the Rethinking Approaches in Mathematics (RAM) programme, for mathematics teachers of 

students aged 11-16, according to the framework elements of mathematics DPD summarised 

in Table 3.3. Underpinned by my philosophical perspective and purpose, I discuss the design 

of the programme shaped around the components of a linear path model. Initially I provide an 

in-depth discussion of the problem that formed the basis of the research lesson which was 

studied as part of the adjusted lesson study process. Following this discussion, I focus on the 

interaction between the final three framework elements of mathematics DPD in terms of 

scope, theory of learning, and agents of change. Therefore, I firstly explain the adjusted form 

of lesson study I designed to satisfy the scope element. Secondly, I explain how my theory of 

learning led to design decisions around the foregrounding of beliefs about mathematics 

education. Thirdly, I explain how an understanding of the conscious and the unconscious, 

drawn from the agents of change framework element, influenced my design decisions around 

moments of variation. 
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4.2 Introduction 

In developing this study, I considered whether I should utilise an existing professional 

development programme or design my own. Using an existing programme may have been 

possible and may have placed an emphasis on interpreting unanticipated moments of 

variation. However, having specified mathematics DPD in the previous chapter the approach 

felt sufficiently distinct to Swan’s work to warrant the creation of a new set of resources. 

Whilst I share the same desire to support teachers through reflection, I think my emphasis on 

contradiction as a theory of learning requires new design. Similarly, I suggest my 

understanding of McGowan’s (2019) divided self means I felt there was a need to design 

opportunities for moments of variation into the professional development programme. 

Therefore, in this chapter, I explain my design of the RAM programme intended to exemplify 

the framework for mathematics DPD. Before explaining the structure of the RAM 

programme, I first explain the design of the research lesson that became the focus of the 

adjusted form of lesson study. Although presented sequentially here, the true nature of the 

development was more cyclic with the design of the research lesson affecting the design of the 

RAM programme, which in turn led to adjustments in the design of the research lesson and so 

on. 

4.3 The design of the RAM research lesson 

As discussed in Chapter 3, I intended to utilise an adjusted form of lesson study 

withing the RAM programme. Therefore, I sought to design a research lesson that could be 

studied by the participants, and which would lead them to consider the contradictory nature of 
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beliefs about mathematics education. The intention of the research lesson was not to claim it 

offered the ‘correct’ way to teach, nor to try to tell teachers they should adopt this approach 

for all their future lessons. Instead, I wished to use the research lesson to prompt reflection 

around beliefs about mathematics education based on an approach taken in another country. 

Mellone et al. (2019, p. 199) refer to this as ‘cultural transposition’ where cultural practices in 

one country can be challenged through a consideration of pedagogy taken from another. 

Furthermore, Nguyen and Tran (2023) note such cultural transposition can impact both 

teacher knowledge and teacher beliefs. 

4.3.1 Drawing on Japanese lesson design 

Whilst resources for cultural transposition may come from many countries, I chose to 

design a lesson based on thinking and research from Japan. I grounded this decision on my 

experiences of Japanese education, and through identifying clear cultural education 

differences between England and Japan. Japanese approaches to mathematics education stem 

from a different set of underlying beliefs about mathematics, teaching mathematics, and 

learning mathematics compared to those typically held by Western teachers (Stigler and 

Hiebert 2009). Stigler and Hiebert (2009) contrast the predominant Western belief that 

mathematics is a set of procedures with the dominant Japanese view that mathematics is about 

relationships. In a similar fashion, Mullis et al. (2020) suggest the style of lessons Japanese 

students experience leads to them outperforming students in England in terms of problem 

solving. 
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Furthermore, in 2015 I witnessed several Japanese mathematics lessons in person 

across a range of age groups, whilst participating in the International Math-teacher 

Professionalization Using Lesson Study (IMPULS) programme. As part of the IMPULS 

programme, I witnessed lessons that were designed, and taught, based around the Teaching 

Through Problem-solving (TTP) structure (Takahashi 2021). Takahashi (2021) states a TTP 

lesson includes the phases of reviewing previous learning, posing a new problem, individual 

student problem solving, teacher led comparison and discussion, and highlighting key 

concepts. For me, this style of lesson offered a contrast to the structure I typically saw in 

English schools and prompted deep personal reflection. Notably, I was challenged to consider 

how learning was drawn from the experience of problem solving, the use of a single 

mathematics problem throughout the lesson, an extended period of individual student problem 

solving, the ability of teachers to compare alternative methods, and the careful use of the 

blackboard during the lesson. These are all features which I believed might become a source 

of reflection for teachers in an English education context. 

4.3.2 The Japanese mathematics lesson 

The Japanese mathematics lesson I decided to base my research lesson on has been 

used in Japan for many years (Baldry et al. 2023). It featured in the 1999 Trends in 

International Mathematics and Science Study (National Center for Education Statistics 1999), 

and I witnessed a version of the lesson being taught in Japan as part of the IMPULS 

programme in 2015. Using a TTP style lesson structure, students are asked to individually 

solve the problem shown in Figure 4.1 
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Figure 4.1 The missing angle problem from Fujii et al. (2012) 

The topic of the question (angles between parallel lines) is familiar to teachers in 

England, but from my experience the specific problem is less familiar. In contrast to Figure 

4.1, questions on this topic in England tend to focus on a simpler variant of a pair of parallel 

lines with a single transversal line passing through them. The problem is particularly suitable 

for a TTP style lesson since it fulfils the requirement of Takahashi (2021) of potentially being 

solved in a variety of ways. However, I required the problem to be suitable not only for the 

classroom, but also for a professional development programme for teachers. Therefore, I 

sought to ascertain whether the problem would be challenging, and of interest, to teachers in 

England.  
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4.3.3 Examining the mathematics problem 

Ascertaining whether the problem shown in Figure 4.1 would be appropriate for 

teachers in England took place in two stages. Firstly, to provide an indication of the methods 

that could be reasonably anticipated I asked a group of trainee mathematics teachers to 

attempt the problem. Secondly, I decided to look at the effects of varying the size of the angles 

through discussion with an experienced mathematics colleague. Ethical permission and 

informed consent for this were gained from participants in line with the procedures described 

in more detail in Chapter 5. 

Trialling with trainee mathematics teachers 

To elicit whether the problem would be likely to lead to multiple methods in an 

English context, I asked fifteen trainee mathematics teachers to attempt the problem shown in 

Figure 4.2. These trainee teachers were part of a University programme I taught on, and all 

fifteen trainees provided informed consent for me to use their thinking. The trainee teachers 

provided their approaches to the problem in an online environment and were unable to see 

each other’s work until they were all revealed together at the end. 
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Figure 4.2 My copy of the trialled problem 

In Table 4.1, I display the methods of the trainee teachers, grouped according to the 

nature of the auxiliary line, alongside a fifth (unsuccessful) method. This is the classification 

approach utilised in the Japanese lesson I witnessed and is mentioned briefly by Foster (2023) 

as providing a domain specific problem-solving strategy. In summary, the trainee mathematics 

teachers attempted to add an auxiliary line either parallel to l and m, perpendicular to l and m, 

connecting A and B, or as an extension of AP/BP. The fifth method involved students not 

adding an auxiliary line and merely working out angles they could see.  
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Method Trainee responses 
 A: Adding a parallel 
line 

  
B: Adding a 
perpendicular line 

 
C: Adding a line 
connecting two points 

 
D: Adding an extended 
line 

 
E: No auxiliary line 
 
 
 

 

Table 4.1 Different methods found by trainee teachers to solve the problem
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Though the methods in Table 4.1 are not the only possibilities, this trial confirmed it 

was likely that a group of mathematics teachers would find the problem interesting and would 

attempt a range of alternative strategies. This trial also revealed that method C (adding a line 

connecting two points) may be difficult for teachers to use to gain a correct answer. Trainee 3 

and trainee 8 reveal a misconception that points A and B are vertically opposite each other. 

This problematic approach became an important feature of the RAM session 1 design as a 

potential moment of variation which would challenge the thinking of teachers. 

Discussion with an experienced colleague 

To gain further insight into the mathematical problem, I asked a colleague to attempt 

two different versions of the problem and discuss their thinking with me. The two versions of 

the problems are shown in Figure 4.3, one with angles of 60° and 50° and the other with 

angles of 30° and 50°. The 30°-50° version of the problem was chosen deliberately to see 

whether the location of point P, and therefore the presentation of the problem, would affect 

solution methods. 

 

Figure 4.3 Two alternative versions of the problem 
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The discussion with my colleague firstly led to the confirmation that the solution 

methods could be grouped according to the nature of the auxiliary line added. Additionally, 

we also discussed the possibility of solving the problem by creating a reflection at various 

locations, such as illustrated in Figure 4.4. After discussion, we concluded this solution could 

also be classified under method B as ‘adding a perpendicular line’ though recognise it differs 

slightly in nature to the other strategies seen in the method B row. Again, this would be 

considered as a potential moment of variation for teachers in the design of the RAM 

resources. 

 

Figure 4.4 Solving by reflecting in a perpendicular line  

We also agreed the 60°-50° version of the problem lent itself to finding more methods 

than the 30°-50° version. For example, in the 60°-50° version of the problem, we felt the line 
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segment AP could be extended to the parallel line m, but this is not possible without extending 

line m in the 30°-50° version of the problem. Therefore, after briefly considering minor 

adjustments to the angles, I decided to retain those provided in the original Japanese version 

of the problem. 

4.3.4 Research lesson design 

With confidence in the suitability of the problem for teachers, I created a research 

lesson plan according to the structure of TTP (Takahashi 2021). In creating the lesson plan, I 

utilised my personal notes of the lesson I witnessed in 2015, and the TIMMS 1999 resources 

(National Center for Education Statistics 1999). I recognise that in creating an interpretation 

of a Japanese lesson, some elements of the original design may be lost or modified. However, 

my experience of the lesson gives me confidence that I retained and highlighted some 

important contrasting features for teachers in England. A summary of the lesson is shown in 

Table 4.2 which is based on the full research lesson plan shown in Appendix 8, and the 

accompanying lesson slides shown in Appendix 1. 
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Phase Phase title Approximate 
length of phase 
(minutes) 

Summary of phase 

1 Review previous learning 5 – 10 Whole class facilitated recall of angle rules. 
To include recall of angles on a straight line, angle sum for polygons, 
angles between parallel lines. 

2 Pose a new problem 5 – 10 Presentation and explanation of the mathematical problem through 
step-by-step construction with students. 

3 Individual student problem 
solving 

10 - 15 Students individually solve the problem, trying to find as many 
methods as possible with limited teacher intervention. 
At the same time, the teacher notes down different methods attempted 
by students. 

4 Teacher led comparison and 
discussion 

15 – 20 Teacher facilitates comparison of student methods, with all methods 
displayed on the classroom whiteboard. 

5 Highlight key concepts 10 – 15 Teacher draws attention to the key points, including: 

• the addition of auxiliary lines,  

• grouping of methods according to the auxiliary line, 

• angle facts which are enabled through the addition of the 
auxiliary line. 

Extension problems provided if necessary.  

Table 4.2 Overview of the RAM research lesson plan  
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The summary of phase column in Table 4.2 provides a brief description of the teacher 

action column shown in the research lesson plan in Appendix 8. Further discussion of the 

other two columns in the research lesson plan of Appendix 8 (decisions about teacher actions 

and decisions about student actions) takes place later in this chapter. 

4.4 The design of the RAM programme 

Following the creation of a research lesson, I sought to design the RAM programme 

based on an adjusted form of lesson study as discussed in the previous chapter. In this section 

I provide an overview of the programme and discuss how I designed resources to include a 

consideration of beliefs about mathematics education, and to include potential moments of 

variation. 

4.4.1 An outline of the RAM programme 

The RAM programme consists of an introductory session, three departmental sessions, 

and a research lesson to be taught by each participating teacher. A pictorial summary of this 

adjusted lesson cycle is shown in Figure 4.5 and is based on the Japanese influenced 

Collaborative Lesson Research cycle suggested by Takahashi and McDougal (2016). 

Takahashi and McDougal’s (2016) elements of selecting a theme and topic, carrying out 

mathematical understanding, developing a research lesson plan, teaching a research lesson, 

and conducting a post lesson discussion correspond to each of the five stages of my adapted 

cycle. 
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Figure 4.5 Overview of the RAM programme  
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To provide an understanding of each of the RAM sessions, I have chosen to summarise 

my design using a set of tables. This decision has been taken to balance an explanation of 

complex design decisions with a need for readability. Below, I provide summary tables for the 

introductory session (Table 4.3), and then for each of sessions 1 to 3 (Tables 4.4 to 4.6). 

Within each of these tables I also reference the supporting slides used in the sessions which 

can be found in appendices 2 to 5. A complete copy of the associated participant resources for 

each session can also be found in appendices 6 to 9. 
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Stage Stage 
descriptor 

Approximate 
duration 
(minutes) 

Summary of stage Presentation 
slides (Appendix 
2) 

1 Introduction 2 Introduction to the programme, explanation of the lesson study 
model, emphasis placed on developing beliefs about mathematics 
education. 

1 – 4 

2 Agree a 
research 
theme 

10 Develop a mathematics department research theme for the lesson 
study process.  
As discussed in Woodford (2024), the research theme is agreed by 
linking a school aim to an aim of the mathematics national 
curriculum in England. 

5 

3 Beliefs 
about 
mathematics 
education 

5 - 10 Participants provide their personal weightings for their beliefs 
about mathematics, teaching mathematics, and learning 
mathematics. 
Using the domain weightings, participants calculate, and plot, their 
mean average beliefs about mathematics education values. 

6 - 8 

Table 4.3 A summary of RAM introductory session 
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Stage Stage 
descriptor 

Approximate 
duration 
(minutes) 

Summary of stage Presentation 
slides (Appendix 
3) 

1 Introducing 
the problem 

5 Introduction to the focus of the session as being on mathematical 
knowledge and beliefs about mathematics.  
Explanation of the angle between parallel lines problem. 

1 – 2 

2 Individual 
problem 
solving 

8 - 10 Participants individually solve the main problem in as many ways 
as possible. 

3 – 4 

3 Small-group 
work 

20 - 25 Participants work in small groups to discuss and classify solution 
methods using sorting cards. 

5 

4 Whole-
group 
discussion 

15 Whole group facilitated discussion of the classifications, and a 
consideration of difficult/incorrect/inefficient approaches. 
Emphasis placed on mathematics that can be used once an 
auxiliary line has been added. 

6 – 12 

5 Reflecting 5 Participants individually complete a belief questionnaire on the 
beliefs about mathematics they thought underpinned the design of 
the session.  

13 

Table 4.4 A summary of RAM session 1
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Stage Stage 
descriptor 

Approximate 
duration 
(minutes) 

Summary of stage Presentation 
slides (Appendix 
4) 

1 Introducing 
the lesson plan 

10 - 15 Introduction to the phases and aims of Japanese TTP style 
lessons.  
An overview and justification of the research lesson plan under 
the TTP heading phases.  
Consideration of an example of board development for the 
research lesson. 

Slides 1 - 9 

2 Understanding 
the lesson plan 

35 - 45 Participants work in small groups to understand and discuss the 
research lesson plan. They are encouraged to commit to the 
suggested actions but have the option to make justified changes if 
required. 

Slide 10 

3 Reflecting 5 Participants individually complete a belief questionnaire on the 
beliefs about teaching mathematics they thought were shown in 
the design of the research lesson plan. 

Slides 11 - 12 

Table 4.5 A summary of RAM session 2
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Stage Stage 
descriptor 

Approximate 
duration 
(minutes) 

Summary of phase Presentation 
slides (Appendix 
5) 

1 Introduction 5 Introduction to reflecting on the student learning that followed 
from teacher actions in the research lesson. 

Slides 1 – 3 

2 Reviewing the 
research 
lesson 

45 Structured small group discussion going through each phase of the 
lesson.  
Reflections structured around the teacher action questions shown 
in the research lesson plan. 

Slides 4 – 9  

3 Reflecting 10 Participants individually complete a questionnaire on the beliefs 
about learning mathematics they thought were seen in the research 
lesson they taught. 

Slides 10 – 11 

Table 4.6 A summary of RAM session 3 
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Within each of the RAM sessions I sought to balance the introduction of knowledge 

with providing opportunities for reflection around beliefs about mathematics education. For 

instance, in session 1, I had a design intention to equip teachers with knowledge of different 

mathematical approaches to solve the problem. However, there was no intention to tell 

teachers what their beliefs about mathematics should be. Instead, teachers were asked to 

reflect on what beliefs about mathematics they felt were seen in the session. In this thesis I do 

not emphasise the mathematical knowledge I sought to develop through the design of the 

RAM programme. Instead, I focus on the design decisions that were made around beliefs 

about mathematics education. These decisions should be understood in relation to the theory 

of learning and the agents of change discussion for mathematics DPD as summarised in Table 

3.3. 

4.4.2 Theory of learning: Designing for the examination of beliefs about mathematics 

education 

In Table 3.3, I suggested a theory of learning for mathematics DPD based on belief 

formation through seeing contradiction in beliefs about mathematics education in teaching 

approaches. This intention to focus on beliefs about mathematics education begins in the 

introductory session with a clear statement that the purpose of the programme is the 

‘consideration of our beliefs, and therefore approach, toward mathematics teaching’ (appendix 

2 slide 2). To bring further clarity a statement is included specifying the intention is ‘not to try 

and force you to teach in one particular style’ (appendix 2 slide 2).  
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Still within the introductory RAM session, participants are asked to complete an 

adjusted version of Swan’s (2006b) belief questionnaire. A copy is shown in Figure 4.6 and 

weightings are requested in the domains of beliefs about mathematics, teaching mathematics 

and learning mathematics. In line with the discussion of Chapter 2, participants are asked to 

ensure the weightings sum to 100% based on how strongly they identify with each statement. 

In addition, the names of the belief categories (Transmission, Discovery and Connectionist) 

have been replaced with a letter (A, B, and C) to minimise any effects the names may have on 

the weightings provided.  

Once the weightings within each of the domains are completed, teachers are provided 

with an explanation to calculate their mean average for each category across the domains. This 

indication of their beliefs about mathematics education are marked on a triangular plot 

(Graham and Midgley 2000) as shown in Activity 4-1 of Figure 4.6. Through this activity it is 

intended the importance of current beliefs about mathematics education are highlighted, an 

awareness of the differing beliefs of others created, and the existence of conflicting (or 

contradictory beliefs) introduced. 
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  Figure 4.6 The questionnaire used to capture personal beliefs about mathematics education
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The focus on beliefs about mathematics education is maintained throughout RAM 

sessions 1, 2, and 3. At the end of each session, participants are asked to provide domain 

specific beliefs weightings for an element of the RAM session. In session 1, participants are 

asked to provide weightings around the beliefs about mathematics they felt underpinned the 

whole session. In session 2, participants provide weightings for the beliefs about teaching 

mathematics they felt underpinned the design of the research lesson plan. Finally, in session 3, 

participants provide weightings for the beliefs about learning mathematics they saw in the 

research lesson they taught. Later in this thesis I refer to these belief documents as asking 

participants to reflect on RAM elements 1, 2, and 3 respectively. Copies of the three sheets 

used in the three sessions to capture the participants views are shown in Figure 4.7. 
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Figure 4.7 Domain specific belief questionnaires designed to capture participant views of RAM
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4.4.3 Agents of change: Designing for moments of variation 

In Table 3.3, I summarised my conception of agents of change as seen in mathematics 

DPD. Whilst recognising teachers as agentic, I suggest McGowan’s (2019) conception of the 

divided self means I see conscious desires and unconscious actions as revealing where a 

teacher is finding true satisfaction. Therefore, I seek to design potential moments of variation 

into the RAM programme where I can anticipate participants will have the opportunity to 

reveal their unconscious desires. Rather than demand conformity I seek to notice, and design 

for, moments where participants may show signs of being challenged (session 1), where they 

may make planned changes (session 2), and where they make unplanned changes (the research 

lesson and session 3). These design decisions are intended to provide opportunities for 

moments of variation which supports my interpretation of unconscious actions in my analysis 

of Chapter 7. 

Designing moments of variation (opportunities for challenge) in session 1 

In RAM session 1 the first anticipated moment of variation, in the form of 

opportunities for challenge, is designed to take place in when participants are asked to 

individually solve the mathematics problem. Participants are given a copy of the sheet shown 

in Figure 4.8 and given eight minutes to find as many methods as possible to solve the 

problem as they can. The number of diagrams provided for attempts (six), the amount of time 

given, the request to work individually, and the request to show working provide possible 

sources of discomfort seen in teacher’s actions.
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Figure 4.8 The individual problem-solving sheet 
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A second potential moment of variation is designed when participants are asked to 

work in small groups to discuss the methods they found and consider additional methods 

together. Participants work in small groups to discuss a set of twelve sorting cards (see 

appendix 3 slide 9) which show the original problem with the addition of an auxiliary line 

hinting at a solution method. The small groups of teachers are asked to explain how each card 

may lead to a solution, and then to try and classify the methods into groups. There is potential 

for signs of being challenged as teachers work with others, share their solutions, and seek to 

provide mathematical reasoning behind the methods. It is anticipated participants, as per the 

trainee mathematics teacher trial, will have difficulty explaining the card showing points A 

and B joined by an auxiliary line. 

A final potential moment of variation designed for RAM session 1 is when the 

facilitator orchestrates a whole group discussion around the methods which includes a 

consideration of incorrect methods (see appendix 3 slides 7 - 8 and 10 - 12). Once again, the 

problematic method of adding an auxiliary line connecting points A and B, is discussed to 

ensure an emphasis on accurate reasoning. After listening to classifications suggested by the 

small groups, the facilitator then explains the classification of methods based on the nature of 

the auxiliary line. Participants may show signs of being challenged at being told a 

classification that differs to theirs, and then further signs when the emphasis is placed on the 

angle facts that the addition of an auxiliary line enables.  
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Designing moments of variation (planned changes) in session 2 

In RAM session 2, the main moment of variation designed for was to provide teachers 

with opportunities to make planned changes to the research lesson plan. However, I also note 

at the start of the session there is another potential moment of variation around a moment of 

challenge. Participants are informed of the claim from Takahashi (2021) that Japanese style 

TTP lessons lead to better results in international tests (see appendix 4 slide 5). Data from 

Mullis et al. (2020) is shared suggesting that despite covering a similar percentage of 

mathematics topics, Japanese students score higher than students in Australia, Ireland, the 

United States and England in international tests. This moment is used to provide the 

justification for cultural transposition (Mellone et al. 2019) of resources, and teachers are 

encouraged to consider the claim. 

To design for moments of variation around planned changes, participants are first 

shown the structure of the research lesson according to the phases of TTP (appendix 4 slides 6 

- 7). For ease, the table from appendix 4 slide 7 has been recreated in Table 4.7 below. As can 

be seen, participants are provided with a clear summary of the important actions that are 

intended to take place in the research lesson. In addition, a brief verbal explanation is given 

for each action to help participants understand the intention behind the requests. For instance, 

construction of the problem is encouraged to help provide student insight into the problem. In 

particular, this reveals that since point P is equidistant between line l and m then points A and 

B cannot be vertically opposite.   
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Phase Approximate 
duration 
(minutes) 

Key actions 

Present the 
problem 

5 Construct the problem on the board and students copy to give insight into the problem. 

Individual 
problem solving 

10 Hand out the Student Worksheet. 
Students work individually on their worksheet. 
Teacher completes the Method Recording Sheet and quietly observes students. 

Whole class 
discussion of 
solution methods 

15 Teacher selects students to share their methods at the board.  
Avoid saying whether the answers are correct. 
Each method and reasoning should be written on a separate diagram on the lesson 
PowerPoint slide. 

Highlight the 
major points 

10 Major points: 

• Add an auxiliary line. 

• Lines may be {perpendicular, parallel, extensions or connecting two points}. 

• Different auxiliary lines allow different angle facts to be used. 
Extend 15 Ask students to modify the problem in pairs and allow them to solve. 

Table 4.7 Overview of the RAM lesson given to participants 
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In addition to providing an overview of the lesson, participants are shown an example 

of the order of selecting students’ methods (appendix 4 slide 8) and how they could be 

displayed on a board. This process may be unfamiliar to teachers and is therefore justified as 

allowing students to simultaneously see all methods and enable the drawing of comparisons.  

Continuing with RAM session 2, participants are asked to work in small groups to 

review the detailed research lesson plan. Participants are encouraged to look at the teacher 

action column of the research lesson plan, and to either commit to the action or make a 

planned adjustment. These adjustments are made individually, following discussion with the 

small group, and in the context of the justifications shown in Table 4.7. If adjustments are 

made, then participants are asked to provide an explanation of their changes. In Table 4.8, I 

summarise the actions that teachers are asked to consider, and provide the corresponding 

wording taken from the teacher action column of the research lesson plan.  
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Phase Summary of the teacher actions given in the research 
lesson plan 

Question prompting decision around teacher actions 
given in the research lesson plan 

1 Teachers asked to facilitate a whole class recall activity 
of angle rules. 

Will you do this phase as a whole class recall activity? 

2 Teachers asked to facilitate a step-by-step construction of 
the diagram with students. 

Will you ask students to make an accurate copy of the 
diagram in their book? 

3 Teachers asked to give students 10 minutes to work 
individually on the problem. 

Will you ask students to work individually for 10 minutes? 
 

 Teachers asked to stress the importance of asking 
students to show their reasoning. 

Will you stress the importance of students writing their 
reasoning on the sheet? 
 

 Teachers asked to record methods whilst students work 
and avoid helping students. 

Will you record student methods with minimal interaction? 

4 Teachers asked to base the discussion on student 
methods seen. 

Will you only introduce methods that students have found? 

 Teachers asked to anticipate what their final board might 
look like.  

What do you anticipate your board to look like? 

5 Teachers asked to ensure students make notes. Will you ask students to write notes? 

Table 4.8 Key decisions from the research lesson plan 
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 The summary of the teacher actions column is based on my experience of seeing this, 

and other similar lessons, taught in Japan. They highlight some of the key teacher actions that 

I anticipate may provide moments of variation for teachers in England. For example, in phase 

3 teachers are asked to provide students with 10 minutes of individual problem solving for one 

problem. In my experience, this is uncommon in England and so has the potential to cause 

reflection if carried out, and reflection if a planned adjustment is made. Therefore, the 

questions on the research lesson plan (and replicated in the third column of Table 4.6) are 

intended to provoke thought followed by commitment or adjustment to the action.  

Designing moments of variation (unplanned changes) in session 3 

In RAM session 3, teachers are asked to consider the learning that took place in their 

research lesson, and to reflect on beliefs about learning mathematics. To do this, participants 

are asked to reflect on their actions in their version of their taught research lesson and consider 

the impact it had on student learning. Of particular interest here is whether participants carried 

out the actions they committed to in their version of the research lesson plan, or whether they 

made unplanned changes. It is these unplanned changes which I consider as potential 

moments of variation. During the RAM session, participants are placed in small groups for 

discussion and asked to individually complete a copy of the sheet shown in Figure 4.9. This 

sheet is split by research lesson phase and asks teachers to discuss the learning that took place 

following the key decisions around teacher actions made in RAM session 2. For example, the 

second question asks participants to reflect on the learning that took place following the 

construction of the problem with the class. 
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Figure 4.9 Sheet used to reflect on the research lesson 
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4.4.4. Summary of the RAM programme design 

The RAM programme has been designed based on an adjusted from of lesson study on 

a Japanese TTP style research lesson. An introductory session explains the process to 

participants and provides an opportunity for an initial consideration of personal beliefs about 

mathematics education. Beliefs about mathematics education are further utilised in each of the 

RAM sessions when participants are asked to provide their views on the beliefs seen in an 

element of the programme. Participants are asked to give their views on the whole session, the 

original research lesson plan, and the taught research lesson following RAM sessions 1, 2, and 

3 respectively. In addition, the design of the RAM programme includes opportunities for 

reaction and adjustment which I describe as potential moments of variation. These are points 

within the programme where I anticipate teachers’ actions may reveal the unconscious 

undermining of their conscious desires around professional development. 

4.5 Summary of Chapter 4 

In this chapter I have provided an overview of the RAM programme which has been 

designed to exemplify the principles of mathematics DPD. I began by showing a careful 

consideration of the mathematics problem I elected to use in the research lesson, and its 

suitability for use with teachers in a professional development setting. The research lesson 

plan has been influenced by a Japanese lesson in the anticipation that ‘cultural transposition’ 

(Mellone et al. 2019, p. 199) may prompt reflection on beliefs about mathematics education. 

Whilst I have drawn on Japanese resources, the specific country is less important than the 

opportunity to prompt thought. 
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The RAM programme has been explained as an adjusted form of lesson study, with a 

focus on beliefs about mathematics education running throughout it. Design decisions within 

the RAM programme include the sharing of knowledge, but do not include attempts to tell 

teachers what to believe. This means the primary purpose of mathematics DPD can remain as 

the formation of beliefs about mathematics education through an understanding of 

contradiction. In Table 4.9, I summarise the documents referenced in this chapter that were 

used to generate data for this study. The wider process of data collection and my methodology 

are described in more detail in Chapter 5.  

Document Session the 
document 
completed in 

Summary Reference 

Activities 1-1, 
2-1, 3-1 
 

Introductory Initial beliefs about mathematics 
education in the form of weightings in 
each of the domains of mathematics, 
teaching mathematics, and learning 
mathematics. 

Figure 4.5 

Activity 1-2 1 Missing angle problem Figure 4.7 
Activity 1-3 1 Beliefs about mathematics that 

underpinned RAM session 1. 
Figure 4.6 

Activity 2-3 2 Annotated research lesson plan. Appendix 8 
Activity 2-4 2 Beliefs about teaching mathematics 

that underpinned the design of the 
research lesson plan. 

Figure 4.6 

Activity 3-2 3 A review of the research lesson. Figure 4.8 
Activity 3-4 3 Beliefs about learning mathematics 

that were seen in the taught research 
lesson. 

Figure 4.6 

Table 4.9 Summary of documents from which data has been generated 
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Furthermore, within this chapter I have explained how I used a contradiction informed 

theory of learning, and a contradiction informed understanding of agents of change to 

influence my design. Suggesting professional learning takes place through reconciliation to 

contradiction in beliefs about mathematics education means I included opportunities to 

consider beliefs in each session. Participants are asked to identify their initial beliefs about 

mathematics education in the introductory session, and to reflect on domain specific beliefs in 

each of sessions 1, 2, and 3. Finally, a contradiction informed understanding of the conscious 

and the unconscious meant I have sought to design for potential moments of variation. 

Through applying my reading of McGowan (2019), I will interpret moments of variation as 

occurring when participants’ actions contrast with their stated desires. Broadly speaking, I 

suggest there are potential moments of variation which may be seen in actions following 

opportunities for challenge, in planned changes to the research lesson plan, and in unplanned 

changes during the research lesson. 
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Chapter 5. 

Methodology and research design 

5.1 Synopsis of Chapter 5 

In Chapter 4, I discussed my design of the Rethinking Approaches in Mathematics 

(RAM) programme as an exemplification of mathematics Dialectic Professional Development 

(DPD). In this chapter, I provide the research design and methodology I have adopted to 

answer the research question introduced in Chapter 1. Hence, my explanations in this chapter 

are intended to provide understanding into how I have approached the generation and analysis 

of data. Moreover, my explanations are intended to provide clarity around the claims I 

subsequently make regarding a contradiction informed interpretation of the RAM programme. 

I explain the underpinning ethical approach and thinking that has shaped my work and has led 

to my adoption of a ‘revelatory’ (Yin 2018, p 50) case study approach. I identify my case as 

the one-year RAM programme as experienced by mathematics teachers in the context of a 

secondary school in the East Midlands of England. Hence, in this chapter I also introduce the 

school I worked with and introduce three teachers who contributed RAM documents and 

semi-structured interviews to my study. The generation of data from these sources is 

explained in detail before I introduce my approach to analysis. To this end I discuss the 

framework of Reflective Thematic Analysis (Braun and Clarke 2021a), and illustrate its 

application to my data. This leads to the identification of three themes which are discussed in 

each of the subsequent three chapters. 
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5.2 Ethics 

In seeking to gain an understanding of teachers’ beliefs and actions I have sought to 

act with an ‘ethic of respect’ (British Educational Research Association [BERA] 2024, p. 9). 

This has meant I endeavoured to make ‘actively deliberative, ongoing and iterative’ (BERA 

2024, p. 8) decisions throughout my work. Furthermore, as noted in the BERA (2024) 

guidelines, I account for how ethical thinking has influenced my approach to educational 

research, to my decision making, to seeking formal approval, and to my research design more 

generally. 

5.2.1 Ethical consideration of research 

My ethical consideration of participants in this study should be understood in the 

context of my views on education research in England over recent years. Funding for 

educational research has been dominated by the Education Endowment Foundation (EEF) and 

their preference for utilising randomized control trials (RCTs) (Inglis 2018). An RCT is 

predicated on the view that effect can be attributed to an intervention when differences 

between the control and intervention groups has been minimized through randomization 

(Burnett and Coldwell 2021). This preference for RCTs has led to a growing culture in the 

United Kingdom of seeking to identify causal links into ‘what works’ (Gorard, See and 

Siddiqui 2017, p. 101) to bring about educational improvement (Burnett and Coldwell 2021).  

This idea of subscribing value to educational research based on what works has led to 

Gorard, See and Siddiqui (2017, p. 101) claiming ‘theoretical explanations appear satisfying 
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but are unnecessary’. There has been a marginalisation of other approaches to education 

research (Burnett and Coldwell 2021), but I take the perspective theoretical explanations are 

valuable in helping to understand why something works. As Inglis (2018, p. 319) suggests, 

there should be a place in education research to both catalogue what works, and to help 

‘predict what will work’. I would go further and suggest there should also be space to question 

the status quo, space to examine the side effects of a what works approach, and space to 

consider why something works. 

Central to my thinking in this study is the view that teachers ‘act on the world, change 

it, and are changed by the consequences of their actions’ (Brinkmann and Kvale 2015, p. 259). 

Furthermore, my understanding of contradiction as an ontological insight (McGowan 2019) 

extends to seeing this social development as taking place through contradiction. Therefore, I 

am drawn to investigate how ‘the real contradictions of the social situation’ (Brinkmann and 

Kvale 2015, p. 259) influence the experience of change. Consequently, I view purely 

empirical methods, which can seek to exclude contradiction, as limited in ‘uncovering a 

contradictory social reality’ (Brinkmann and Kvale 2015, p. 259). Thus, my work in this study 

is guided by an additional desire to employ non-empirical methods to support the answering 

of my research question. 

Implications for the role of participants 

My desire to generate and interpret data about the RAM programme whilst 

simultaneously valuing the experiences of teachers leads to a tension. I value teachers’ 
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perspectives but also seek to provide my interpretation of what they say and do. My study is 

not simply an attempt to tell the stories of participants, but to share their insights alongside my 

interpretation. I position myself as ‘coproducing’ (Brinkmann and Kvale 2015, p. 201) data 

alongside participants whilst retaining the responsibility for ‘(co-)constructing meanings’ 

(Finlay 2021, p. 105). As Brown (2022, p. 200) suggests, a ‘fully egalitarian’ research process 

is not a necessary requirement of participant wellbeing. So, whilst it is the teachers’ 

experiences that enable the generation of data, I undertake the ‘constructivist crafting’ (Finlay 

2021, p. 105) of interpretation.  

Despite retaining the primary role in co-constructing meaning, I believe I also have an 

ethical responsibility to share my research findings with participants (Hintz and Dean 2020). 

This responsibility is guided by a consideration of the principles of non-maleficence, respect 

for persons and beneficence (Hintz and Dean 2020). I recognise the philosophical position I 

adopt in this study is relatively rare and may not be the interpretation the participants 

themselves would suggest. However, I believe I have a responsibility to suggest a ‘new road’ 

(Stake 2010, p. 102) for mathematics teacher professional development. As per the BERA 

(2024, p. 13) guidelines, on completion of my themes, I organised a group ‘debriefing’ at the 

mathematics departmental meeting where my case study took place to explain my ideas. As 

part of a departmental development meeting, I briefly explained by philosophical perspective 

and demonstrated the development of my first and third themes around teacher beliefs using 

data from every member of the department that took part in the programme. I interpret the 

teachers’ reactions to my approach as indicating they saw my rationale and patterns that 

emerged as reasonable and fair. In addition, as discussed later in this chapter, three teachers 
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contributed additional data to this study in the form of semi-structured interviews. I did not 

feel it was appropriate to discuss their data, and my analysis of actions, with the whole 

department. Therefore, I offered the three main teachers from the study an opportunity to meet 

to discuss my third theme privately. Whilst two teachers declined, one teacher took up this 

offer, and some of their thoughts about my interpretation are recorded in Chapter 7. For the 

two teachers that declined the opportunity to discuss my interpretation I have still provided a 

possible alternative interpretation in my discussion in Chapter 7. 

5.2.2 Ethical decision making in the design of the RAM programme 

As discussed in Chapter 3, I view mathematics DPD as having a different purpose to 

other forms of professional development. I suggest mathematics DPD, and therefore the RAM 

programme, should support the formation of beliefs through an understanding of 

contradiction. I therefore felt compelled to design a programme that would align to the 

purpose of mathematics DPD through a consideration for participating teachers. Thus, both 

my desire to create the RAM programme, and my subsequent desire to facilitate the sessions 

were borne of an ethical concern.  

My role as designer 

I acknowledge I have personal views on pedagogy, personal beliefs about mathematics 

education, and personal practices which I have adopted in the classroom over many years. 

There remains a temptation to want to tell people my ‘correct’ way to teach through the RAM 

programme. However, in my design I have sought to separate my current personal views 
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about mathematics education from my views around teacher professional development. I have 

not designed the lesson within the RAM programme to reflect the way I expect everyone to 

teach. Instead, I have sought to develop a research lesson which facilitates engagement and a 

professional development programme that values opportunities for teacher reflection. To 

support this, I have drawn on previous experience of leading professional development and 

my design work as part of the Maths-for Life (Education Endowment Foundation [EEF] 2019) 

programme. I have designed with the intention of allowing participants to make choices 

within the programme, and to reflect on both the experiences they have had, and the beliefs 

underpinning the examined approach. 

My role as facilitator 

Not only did I design the RAM programme, but I also took the decision to facilitate the 

sessions. In an earlier iteration of my RAM programme development, I created presentation 

slides with a recorded voice over explaining what to do. At the time, I thought this would 

ensure I created a resource with clinical fidelity which might allow me to identify causal links 

into what works. The draw of wanting to create an intervention that would be replicable on a 

larger scale influenced my initial thinking. As my ideas began to develop, I moved away from 

recordings and created a potential script for an independent facilitator to run the session. 

However, both the recordings and the facilitator scripts risked diminishing the participant 

experiences and increased the sense of being put through a programme. For me, the 

experience of people is an ethical matter, and it is these experiences that I want to understand. 

I therefore decided to facilitate all sessions and react to what was taking place. My decision 
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inevitably meant I shaped teachers’ experiences through my actions, but it also enhanced my 

understanding of what was taking place. I therefore seek to ensure I provide a transparent 

account in this study, recognising the context of the school and the influences I may have had. 

5.2.3 Ethical approval of the study 

In December 2020, when gaining ethical approval from the Nottingham Trent 

University Schools of Business, Law and Social Sciences Research Ethics Committee, I 

aligned my application to the BERA (2018) guidelines. My successful application formed the 

foundations of my approach in this study as I endeavoured to be clear on my intentions and 

underpin my actions with an ‘ethic of respect’ (BERA 2018, p. 5). This included, though not 

limited to, gaining informed consent from participants and my approach to handling of data. 

Informed consent 

Informed consent (BERA 2018) for this study was gained from the trainee 

mathematics teachers and colleague mentioned in Chapter 4, along with seven mathematics 

teachers from the school that participated in the RAM programme. For six of these 

mathematics teachers, consent was gained at the introductory RAM session, and the seventh 

teacher provided consent prior to session 3, which was the only one they attended. I explained 

the programme design, provided copies of the project information sheet, and received signed 

consent forms from all participants. Copies of both the project information sheet and the 

consent form are shown in appendix 14. In addition, during the RAM introductory session, I 



 

147 
 

verbally re-iterated my request to access all materials completed during the RAM sessions, 

and to carry out interviews after each session. 

Handling of data 

Data for this study has been generated from completed RAM documents and from 

semi-structured interviews, both of which are discussed in detail later in this chapter. The 

RAM documents were completed by participants during the sessions and then filed in their 

own binder which I provided. These binders were collected in at the end of each session and 

stored in a locked room on Nottingham Trent University premises. Digitized copies of the 

documents were made and saved to a secure password protected server, before being returned 

to the participants at the next RAM session. At the end of the programme, all binders and 

materials were returned to the participants to keep. 

Alongside written documents, I also generated data through semi-structured interviews 

with three participants. Brinkmann and Kvale (2015) note a tension can exist in carrying out 

interviews in trying to balance the gaining of knowledge with respecting the interviewee. I 

sought to mitigate this dilemma by utilising an interview guide alongside being responsive 

(Brinkmann and Kvale 2015). Once again, this process is discussed in more detail in the 

remainder of this chapter. In all documents which were created, the names of teachers, schools 

and locations have been pseudonymised (European Union 2016) to protect confidentiality.  
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5.3 Utilising case studies 

In the context of my views on educational research, I chose to utilise a case study 

approach to answer my research question. As discussed in Chapter 3, I recognise professional 

learning is complex, and mediated by the educational environment, the school environment, 

and teachers’ current beliefs. The complex contextual conditions of a ‘real-world’ (Yin 2018, 

p. 51) phenomenon led to my view that a case study approach is valuable (Hamilton et al. 

2013, Yin 2018). Indeed, attending to context distinguishes case studies from many other 

forms of research (Yin 2018) as I seek to explain ‘what others have not yet seen’ (Stake 1995, 

p. 136). Stake (1995) additionally suggests adopting a case study approach positions me as a 

teacher, an interpreter, and an advocate. I aim to be a teacher in providing ‘good raw material’ 

(Stake 2010, p. 102), an interpreter in creating new meaning, and an advocate when 

suggesting a new road to follow in mathematics professional development. 

5.3.1 Defining the case 

For this study I define the bounded case (Stake 1995) as the 1-year, RAM programme, 

taking place in a single secondary school in the East Midlands of England. This programme 

comprises of the introductory session, three 1-hour professional development sessions, and the 

teaching of a research lesson as described in Chapter 4. Furthermore, my case study follows 

an embedded single-case design (Yin 2018) through my intention to gain insight into the 

RAM programme through the experience of three mathematics teachers at the chosen school. 
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Yin (2018) notes a danger exists in single-case designs when the subunits (in this 

instance the participating teachers) become the focus of the study, and the case become 

synonymous with the context. I have some reticence in describing the three teachers using the 

dehumanized language of ‘subunits’, and stress I am interested in their stories ‘because they 

are of worth’ (Seidman 2019, p. 2019). However, Yin’s (2018) warning is helpful, and I view 

my single-case design as a ‘revelatory case’ (Yin 2018, p 50) about a programme, informed by 

the valuable experiences of people. This is a distinction I have wrestled with throughout the 

study and therefore seek to identify commonalities across the experiences of the individual 

teachers and relate these back to the RAM programme. I make a slight departure from Yin’s 

(2018) positivist-influenced approach in my ambition to develop educational theory through 

an understanding of the case. My perspective aligns more closely with Stake (1995), who 

categorises an instrumental case study as one aiming to provide insight into an issue. I 

therefore summarise my methodology as an instrumental, embedded single-case design which 

seeks to understand beliefs about mathematics education and actions within an instance of 

mathematics DPD. 

5.3.2 Criticism of case studies 

Yin (2018) recognises a common criticism of the case study approach is that a focus 

on individual instances make generalisation difficult. However, Simons (1996) argues such 

criticisms stem from a view of research that polarizes the relationship between the particular 

and the universal. Instead, Simons (1996) claims the relationship should be understood as the 

particular providing insight into the universal. In a similar fashion, though again drawing on 
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positivist influenced approaches, Yin (2018) makes a distinction between analytic and 

statistical generalisations. Rather than a statistical generalisation from a sample to a 

population, Yin (2018) suggests a case study creates an analytic generalisation from a case to 

wider theory. Whether this is a generalisation is debatable, but I do conceive of my case study 

approach as seeking to apply understanding from the single case to the development of wider 

theory. In doing this I believe it is possible to ‘challenge certainty’ (Simons 1996, p. 238) and 

offer a new perspective on teacher professional development. 

A second criticism of case study research is that it is shaped by personal interpretation 

and influenced by subjective values (Yin 2018). However, I see interpretation as inevitable in 

research, and transparency about values as a strength. As Stake (1995, p. 95) suggests 

‘research is not helped by making it appear value free’. Instead, I seek to provide ‘a 

convincing account of the meanings of the dataset and explain why these meanings matter’ 

(Braun and Clarke 2021b, p. 175). It is my responsibility to embrace and interrogate my own 

position as I seek to interpret, interrupt and challenge current thinking (Denzin and Lincoln 

2018). 

5.3.3 The case study context 

As already mentioned, the importance of context is significant in the choice of a case 

study methodology. I designed the RAM programme to be experienced by a group of teachers 

from a mathematics department in a secondary school and therefore sought a school that 

would host the programme through a self-selecting convenience approach (Cohen, Manion 
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and Morrison 2018). I noted Stake’s (1995) suggestion to consider case selection based on 

ease of access, hospitableness, and willingness to participate and so approached the heads of 

mathematics at two secondary schools based in the East Midlands of England. The first school 

was near my place of work but with no existing relationship, and the second school further 

away with a head of mathematics I had previously worked with. It was the hospitableness and 

enthusiasm of the head of mathematics at the second school which led to the programme 

running in with their department. Therefore, I attended a departmental after-school session in 

October 2021 at Victoria School to run the RAM introductory session. 

Victoria School 

Victoria School is an 11 to 18 secondary school in the East Midlands of England with 

approximately 25% of students eligible for free school meals at the time of the study. In 2018 

the school was inspected by the national education inspectorate agency in England, Ofsted, 

and categorised as good. The school is a single academy trust with a stable leadership team 

who were conscious their next Ofsted inspection was due. This concern about Ofsted had led 

to the school leadership team introducing a school-wide lesson planning structure, called the 

Task Ladder, in the academic year before my case study took place. Every teacher in the 

school, and therefore all teachers in the mathematics department, were expected to plan their 

lesson around the five steps of the Task Ladder. In addition, these five steps of recall, new 

information, checking of understanding, practice, and review had to be displayed in the 

classroom for students to see in every lesson. 
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I have written elsewhere about teachers’ views of the Task Ladder, with one teacher 

explaining it had been enforced on them through repeated drop-in lesson visits by members of 

the senior leadership team (Woodford, Clapham and Serret 2023). The teacher commented the 

senior leadership team at the school had ‘manged to change my practice here, but only 

through policy and mandating things’ (Woodford, Clapham and Serret 2023, p. 1155). 

However, more generally, I summarise teachers’ attitudes to the Task Ladder as initial 

scepticism leading to seeing it as a helpful, simplifying structure (Woodford, Clapham and 

Serret 2023). 

5.3.4 The RAM sessions at Victoria School 

The introductory session, the three main sessions, and the research lesson element of 

the RAM programme, were all completed at Victoria School between October 2021 and May 

2022. Each of the sessions took place on the school site, at the end of the school day, and as 

part of the departmental development time. A summary of the completed sessions is shown in 

Table 5.1.
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Session Date Duration Summary 

Introductory October 
2021 

20 
minutes 

Aims and timetable of the RAM programme introduced. 
A department research theme agreed of: how does a lesson that provides opportunities to 
develop reasoning through engaging with alternative explanations help to develop respect 
in students? 
Initial beliefs about mathematics education documents completed by all teachers. 

1 January 
2022 

60 
minutes 

Teachers individually solved the mathematics problem and placed in groups of three to 
classify solution methods. Whole group discussion of naming methods and examination of 
mathematics used. 
Teachers provided their views of the beliefs about mathematics seen in RAM session 1. 

2 March 
2022 

60 
minutes 

Teaching Through Problem solving (Takahashi 2021) explained as a lesson strategy 
utilised in Japan. Overview of the research lesson provided. Teachers placed in a group of 
three to discuss the research lesson plan and annotate their copy. 
Teachers provided their views of the beliefs about teaching mathematics seen in the 
original research lesson plan. 

Research 
lesson 

Teacher 
decision 

 Five teachers confirmed they taught the research lesson to their classes. 

3 May 
2022 

50 
minutes 

The time for this session was slightly reduced as members of the senior leadership team 
attended the first 10 minutes to discuss the departments’ completion of assessment data. 
Teachers placed in a group of three to reflect on their research lesson. 
Teachers provided their views of the beliefs about learning mathematics seen in their 
taught research lessons. 

Table 5.1 Summary of the RAM sessions that took place at Victoria School 
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As shown in the summary of the introductory sessions, a departmental research theme 

was developed as part of the lesson study cycle. We agreed to study the research question of: 

how does a lesson that provides opportunities to develop reasoning through engaging with 

alternative explanations help to develop respect in students? This theme was developed 

through discussion with the department by linking the school aims to the aims of the 

mathematics National Curriculum in England (Woodford 2024). I make little further reference 

to the departmental research question in this study, though it provides helpful contextual 

information for discussions that took place in the third RAM session, and potentially in the 

semi-structured interviews. 

Six of the seven teachers that made up the mathematics department at Victoria School 

attended all the RAM sessions. One teacher, Yesim, was only able to attend the final session 

at which they were provided with their own copy of the RAM materials. During this session 

Yesim participated by being part of the discussion around other teacher’s experiences of the 

taught research lessons. Contextual information about the seven teachers is shown in Table 5.2 

under pseudonymised names. 
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Name Role Age range Number of 
complete years 
teaching 

Highest mathematics 
qualification 

Dominant belief 
about mathematics 
education 

Alex Deputy head of school 51 – 55 15 O-level Transmission 

Drew Head of department  36 – 40 3 Degree Discovery 

Chris Assistant head of department 31 – 35 8 Degree Connectionist 

Jo Classroom teacher 26 – 30 2 Degree Transmission 

Ronnie Classroom teacher 46 – 50 18 A-level Connectionist 

Val Classroom teacher 51 – 55 24 A-level Connectionist 

Yesim Classroom teacher 36 – 40 11 GCSE Unknown 

Table 5.2 Teachers at Victoria School who participated in the RAM sessions 
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As can be seen in Table 5.2, there is a variety of ages, years of teaching experience, 

and mathematics qualifications within the department. The final column of Table 5.2 also 

displays the dominant belief about mathematics education for each participant. These 

categories were introduced in Chapter 2 and were calculated following the completion of 

activities during the introductory session. A precise explanation of this process is described 

later in this chapter. 

Teacher dominant belief data is provided here since it formed the basis of purposive 

sampling (Denzin and Lincoln 2018, Obilor 2023) I employed to select three teachers to take 

part in semi-structured interviews. As discussed in Chapter 2, Swan (2006b) claimed teachers’ 

belief trajectories in a professional development experience depend on their initial beliefs 

about mathematics education. Therefore, the three teachers were selected with the intention of 

ensuring ‘different and important views about the ideas and issues at question’ (Campbell et 

al. 2020, p. 654) were included in my consideration of the case. Thus, based on their beliefs 

about mathematics education, I invited Drew (Discovery), Jo (Transmission), and Ronnie 

(Connectionist) to participate in the study interviews. Yin (2018, p. 111) admits, ‘there is no 

clear cutoff point’ about how many participants should be considered for a case study. 

However, I perceived the three teachers, with different dominant initial beliefs about 

mathematics education, as providing sufficient data from differing perspectives. I anticipated 

that semi-structured interviews, alongside completed RAM documents, would provide an 

‘architecture of corroborating data’ (Freeman et al. 2007, p. 27) that would be sufficient to 

provide insight into the experiences of teachers in the RAM programme.  
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5.3.5 Pen portraits of participating teachers 

In this sub-section I provide brief pen-portraits of the three teachers (Drew, Jo and 

Ronnie) who were selected to discuss their experiences of the RAM programme. The 

comments written here reflect my subjective opinions and are drawn from my experience of 

the RAM sessions, comments made during interviews, and from meeting the teachers when 

attending the school to facilitate the RAM sessions.  

Drew (dominant belief about mathematics education of Discovery) 

Drew entered the teaching profession in 2018 as a career changer following successful 

roles as a chef and a flower shop owner. They completed a mathematics degree with the Open 

University and then completed a post graduate teaching qualification in mathematics teaching. 

Drew came across as an enthusiastic learner who enjoyed practical applications of 

mathematics and had an ability for lateral thinking to solve problems. Drew became the acting 

head of mathematics at Victoria School in their second year of teaching, and the permanent 

head of mathematics during their third year. 

As a new head of department, Drew was determined to influence the style of teaching 

across the department but also recognised the need to follow requirements of the school 

leadership team. Indeed, this tension was clear when they spoke of not feeling personally 

aligned with the school Task Ladder lesson structure but wanted to ensure it was followed by 

members of the mathematics department. In terms of their teaching, Drew expressed a 

personal preference for creating opportunities for students to problem solve and helping 
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students to apply mathematics. These characteristics would be typical of someone who fits 

within the Discovery category for beliefs about mathematics education. Furthermore, Drew 

was an enthusiastic contributor to the RAM sessions and could always be relied on to offer 

supportive and thoughtful ideas. 

Jo (dominant belief about mathematics education of Transmission) 

Jo accepted the position of teacher of mathematics at Victoria School one year after 

Drew had started. This was Jo’s first job, taken after completing a joint honours degree in 

mathematics and education at university followed by a post graduate teaching qualification. 

During one interview Jo acknowledged their teaching style generally involved careful 

demonstration followed by students repeating similar problems. Such an approach would be 

typical of a teacher with a dominant belief about mathematics education of Transmission. 

Furthermore, Jo had welcomed the school policy of the Task Ladder lesson structure as they 

saw it as aligning well with their beliefs about mathematics education. As a young teacher, Jo 

often came across as quiet and less confident than others in the department. They tended to let 

others speak first in discussions but would gradually get more involved as sessions 

progressed. 

Ronnie (dominant belief about mathematics education of Connectionist) 

Ronnie had taught for twenty years, including seventeen in London, prior to joining 

Victoria School. They claimed they had never intended to get into teaching but fell into it 
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through poor personal management and a lack of ambition. Ronnie was proud of the results 

achieved with exam classes and enjoyed helping students make sense of mathematics. This 

typically Connectionist belief about mathematics education reflected Ronnie’s thoughtful 

approach to working in the classroom. During one conversation Ronnie explained how they 

had created a persona in the classroom but felt, over time, they were becoming the character 

they had created. 

During one conversation, Ronnie also expressed disappointment at being overlooked 

for several jobs as a head of mathematics. I often got the sense Ronnie felt uncomfortable with 

who they were, and these insecurities could come out in their interactions with others. Ronnie 

adopted a sardonic demeanour during the RAM sessions but was always prepared to make 

contributions. After some initial reservations, followed by repeated lesson visits from senior 

management, Ronnie had adopted the Task Ladder lesson structure imposed by the school and 

now saw it as a helpful, simplifying approach. However, this experience had left a mark on 

Ronnie, and they displayed a level of distrust regarding the school leadership team, and 

around education authority figures in general.  
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5.4 Generation of data 

Having explained my case study approach and provided details about Victoria School 

and the participants, I now explain the data generated for this work. As a complex case study, 

I felt it would be appropriate to adopt multiple, flexible, data collection methods (Stake 1995, 

Pearson, Albon and Hubball 2015, Yin 2018). Therefore, I have employed collection methods 

to gather evidence from documents completed during the RAM sessions, and semi-structured 

interviews completed after each session. This evidence was then used to generate data for 

analysis in the form of electronic documents and transcripts. Together, these multiple data 

files provide a way to triangulate (Denzin 2017) and provide a convergence of thought (Yin 

2018) that is intended to render the ‘participant’s perspective accurately’ (Yin 2018, p. 129) 

within my interpretation.  

A timeline of the RAM programme, the evidence, and the corresponding generated 

data is shown in Figure 5.1. The seven activities shown in pink in Figure 5.1 are documents 

completed across the four RAM sessions, and copies can be seen in appendices 6 to 9. This 

evidence was processed to generate a single document per teacher for the purpose of data 

analysis called ‘Beliefs [name]’. The three documents shown in green in Figure 5.1 were 

completed during the RAM sessions 1, 2 and 3 respectively. Copies can be seen in appendices 

7 to 9 and digitised copies were made for analysis under the filenames Problem [name], 

Lesson Plan [name] and Lesson Reflection [name]. Finally, the four interview recordings 

shown in blue were converted to transcripts for analysis under the filename Interview 

(number) [name]. 
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Figure 5.1 Evidence and corresponding generated data 
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Each of the pieces of evidence shown in Figure 5.1, and how they were used to 

generate data, is explained in the following three sub-sections. In summary, for each of the 

three teachers, eight pieces of data were generated for analysis, giving a total of n=24 

documents. 

5.4.1 RAM programme activities providing data documents directly 

In each of sessions 1, 2, and 3, participants completed RAM materials which can be 

seen in appendices 7, 8 and 9 under the headings of Activities 1-2, 2-3 and 3-2. Once 

completed, and digitised, these materials (shown in green in Figure 5.2) provide ‘documentary 

information’ (Yin 2018, p. 113) of the teachers’ thoughts during the RAM sessions. Both Yin 

(2018) and Stake (1995) caution that a researcher should show an awareness of the reasons for 

the completion of documents to mitigate against potential misinterpretation. Therefore, I note 

Activity 1-2 (appendix 7) provides a record of the individual methods attempted by the 

teachers to solve the geometry problem. Activity 2-3 (appendix 8) provides a record of the 

teachers’ thoughts about the research lesson plan and a record of their intended adjustments. 

Activity 3-2 (appendix 9) provides a record of the teachers’ reflections about their taught 

research lesson. As such, these three documents provide data which are ‘records of activity the 

researcher could not observe directly’ (Stake 1995, p. 68) as the sessions unfolded. 

All three activity sheets were completed individually in sessions 1, 2 and 3 

respectively. Activity sheet 1-2 was completed individually, whilst activity sheets 2-3 and 3-2 

were completed individually but as part of small-group discussions. In each of RAM sessions 
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1, 2, and 3, Drew, Jo and Ronnie were placed in a small group to work together to provide a 

relatively consistent experience. The participants were responsible for making their own 

decisions, making their own annotations, and making their own reflections. I recognise the 

written records only provide a snapshot of the full discussions, and a snapshot of each 

participant’s thinking. Though teachers were seeking to complete the documents as part of the 

respective sessions, they did know the activities might be analysed after giving their informed 

consent in the RAM introductory session. The completed documents provide a relatively 

unobtrusive source of evidence (Yin 2018, Tight 2019) which were intended to be useful for 

the session rather than merely being carried out for the purpose of analysis. 

Copies of the completed sheets for activities 1-2, 2-3 and 3-2 for one participating 

teacher can be seen in appendices 11 and 12 and 13 respectively. Looking at these completed 

documents highlights two issues – firstly, they only capture a snapshot of thinking, and 

secondly, they necessarily require some degree of interpretation. For example, in Appendix 

12, in response to whether students would be asked to make accurate copies of the diagram, 

the teacher writes on three separate lines ‘Draw out As explaining But give them copies’. This 

is a very brief conclusion that only partially captures the conversations that took place during 

the session. Therefore, I necessarily make some informed decisions about how to interpret 

what is written. In this case, drawing on my facilitation of the session and subsequent 

interviews, I believe the teacher was saying they intended to draw the diagram in front of the 

students and explain the key features as they go. Alongside this, they intended to provide the 

students with a printed copy of the problem to refer to. An alternative interpretation of the 
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annotations could be made, but I seek to provide as authentic an account as possible of this co-

produced data. To support this, I seek to ensure my interpretations of documents are 

‘corroborated by other evidence’ (Coe 2021, p. 47). For example, with respect to asking 

students to copy the diagram, the participant also referred to the event in their research lesson 

reflection and in their fourth interview. Therefore, as Yin (2018, p. 86) suggests, a researcher 

is responsible for making convergent inferences based on both documents and ‘some 

unspecifiable element of common sense’.  

At the end of each of the RAM sessions the participants filed their documents in their 

personal binders. These binders were collected in, and photographic copies of the documents 

made before being loaded into the qualitative data analysis software NVivo 14. The files were 

saved using a convention of ‘Problem [name], ‘Lesson Plan [name]’ and ‘Lesson Reflection 

[name]’ for each of the three teachers. Thus, with three documents for each of the three 

teachers, a total of n=9 documents were generated directly for analysis. 

5.4.2 RAM programme activities providing data documents following processing 

The seven activities shown in pink in Figure 5.2 provided evidence which was 

processed to generate data rather than being used directly. Activities 1-1, 2-1, 3-1 and 4-1 

(appendix 6) provided a record of teachers’ initial beliefs, whilst activities 1-3, 2-4 and 3-4 

provided the teachers’ views of beliefs seen in a specified element of the RAM materials (as 

discussed in Chapter 4). These activities were completed as part of the RAM programme with 

the intention of allowing teachers to articulate their beliefs about mathematics education and 
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their views on the beliefs underpinning the RAM materials. Following the informed consent 

of the introductory session, the teachers were aware the activity sheets would be used in this 

study. The data documents used for analysis were generated from the activity sheets in three 

stages of tabulating, graphing and commenting. Examples of the participant completed RAM 

activity sheets that contributed to the documents for analysis can be seen in appendices 10 to 

13. Once my comments had been added, the documents described here were imported into 

NVivo 14 using a filename convention of ‘Beliefs [name]’. In total, one belief document was 

created for each teacher giving a total of n=3 documents for analysis. 

Tabulating the weightings 

For each teacher, the weightings from the six RAM activity sheets were transferred to 

a table in the Beliefs [name] document based on the format shown in Table 5.3. Rather than 

transcribe the participant calculated values from activity sheet 4-1, I chose to carry out the 

calculation myself as shown in cells 10, 11 and 12 in Table 5.3. The two rows shown in bold 

were calculated as the mean average weighting of the three cells directly above them. For 

instance, cell 10 provides the calculated mean average Transmission weighting across the 

domains of mathematics (cell 1), teaching mathematics (cell 4), and learning mathematics 

(cell 7). Together, cells 10, 11 and 12 provide the mean average weightings for the teacher’s 

cluster of beliefs about mathematics education. These calculated mean average of beliefs 

about mathematics education figures were compared against the teacher completed Activity 

sheet 4-1 to check for any potential mistakes.  
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Activity document 
providing the 
evidence 

Domain Transmission 
weighting 

Discovery weighting Connectionist 
weighting 

1-1 Mathematics Cell 1 Cell 2 Cell 3 
2-1 Teaching mathematics Cell 4 Cell 5 Cell 6 
3-1 Learning mathematics Cell 7 Cell 8 Cell 9 
 Mean average of beliefs about 

mathematics education 
Cell 10 
(Mean average of 
cells 1, 4 , 7) 

Cell 11 
(Mean average of 
cells 2, 5 , 8) 

Cell 12 
(Mean average of 
cells 1, 4 , 7) 

1-3 Mathematics (seen in RAM 
element 1) 

Cell 13 Cell 14 Cell 15 

2-4 Teaching mathematics (seen in 
RAM element 2) 

Cell 16 Cell 17 Cell 18 

3-4 Learning mathematics (seen in 
RAM element 3) 

Cell 19 Cell 20 Cell 21 

 Mean average of RAM 
elements 

Cell 22 
(Mean average of 
cells 13, 16 , 19) 

Cell 23 
(Mean average of 
cells 14, 17 , 20) 

Cell 24 
(Mean average of 
cells 15, 18, 21) 

Table 5.3 Tabulating teachers’ beliefs
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Graphing the weightings 

The second stage of creating the data documents was to represent combinations of the 

weightings shown in Table 5.2 on four triangular plots (Graham and Midgley 2000). Swan 

(2006b) utilised triangular plots as a convenient way to display three pieces of belief data that 

sum to 100%. I illustrate this on Figure 5.3 with notional weightings of 55%, 25% and 20% 

for the Discovery, Transmission and Connectionist categories respectively. In addition, dotted 

lines have been added to provide clarity in reading the values from the axes. 

 

Figure 5.2 A triangular plot of belief data 
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I intended to use these triangular plots to facilitate an interpretation of the individual 

points, and to also allow relative comparisons. Therefore, for each of the three teachers, I 

created four triangular plots (with two points plotted on each one) as summarized in Table 5.4.  
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Plot number What the plot shows Data from Table 5.3 being plotted  
(Transmission, Discovery, Connectionist)  

1 Personal beliefs about mathematics and beliefs about 
mathematics seen in RAM element 1. 

(cell 1, cell 2, cell 3) and (cell 13, cell 14, cell 15) 

2 Personal beliefs about teaching mathematics and beliefs 
about teaching mathematics seen in RAM element 2. 

(cell 4, cell 5, cell 6) and (cell 16, cell 17, cell 18) 

3 Personal beliefs about learning mathematics and beliefs 
about learning mathematics seen in RAM element 3. 

(cell 7, cell 8, cell 9) and (cell 19, cell 20, cell 21) 

4 Mean average of cluster of beliefs about mathematics 
education and mean average of RAM elements. 

(cell 10, cell 11, cell 12) and (cell 22, cell 23, cell 24) 

Table 5.4 Triangular plots generated for each teacher 
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An example of a triangular plot that might be produced from this process is shown in 

Figure 5.3. Here the personal beliefs weightings (shown in red) can be compared to the view 

of the RAM material (shown in blue). In addition, on these triangular plots I added arrows to 

the axes to indicate the relative difference. As can be seen, I use a black arrow to indicate a 

participant saw less of the belief in the RAM material compared to their personal beliefs. 

Similarly, I use a green arrow to indicate a participant saw more of the belief in the RAM 

material compared to their personal belief.  

 

Figure 5.3 A triangular plot showing relative belief weightings 
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Commenting on the weightings 

As a final step in generating data, I annotated the triangular plots and wrote summary 

comments of what I noticed for each teacher. These annotations and descriptions were 

completed with the intention of stating observations and facts, rather than straying into 

interpretation and analysis. However, I recognise there is some overlap and that my 

observations may have been influenced by my contradiction informed perspective and my 

embryonic ideas around interpretation. 

My approach to the triangular plots differs to that adopted by Swan (2006b). Firstly, 

Swan (2006b) took the approach that a teacher can only be classified in one of the belief 

categories at a time. For instance, weightings of 55%, 25% and 20% for the Transmission, 

Discovery and Connectionist respectively would mean the teacher is classified as a teacher 

with Transmission beliefs about mathematics education. This approach is emphasised by how 

Swan (2006b) utilised the triangular plots. As illustrated in Figure 5.4 Swan split triangular 

plots into three regions of Transmission (bottom right), Discovery (top), and Connectionist 

(bottom left) to help identify the teacher’s dominant belief. 
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Figure 5.4 A triangular plot of belief data with regions 

Using Figure 5.4, the teacher’s dominant belief about mathematics education would be 

identified as Transmission. In contrast, since I anticipate teachers’ beliefs about mathematics 

education as being contradictory, I do not replicate the idea of regions on the Beliefs [name] 

documents. In addition, I also note the black dotted lines which create the three regions 

indicate where equal belief weightings, in two or more of the belief categories, would be 

plotted. I address my understanding of these diagrams, and the boundary lines, in my 

interpretation of the data regarding teachers’ beliefs about mathematics education in Chapter 

6.  
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The second difference in my approach compared to Swan (2006b) stems from the 

nature of the data I collected following the professional development sessions. Swan (2006b) 

sought to collect data on participants’ post professional development programme beliefs to 

measure change. In contrast, I seek to understand participants views on the beliefs about 

mathematics education they see as underpinning the RAM materials. My approach facilitates 

the contrasting of beliefs about mathematics education (by domain) with participants’ views 

of the beliefs underpinning each RAM element. I am less interested in measuring short term 

claims of change and more interested in understanding teachers’ views of the beliefs about 

mathematics education they see in the RAM programme.  

5.4.3 Semi-structured interviews providing transcribed data documents 

Recordings 0, 1, 2, and 3 (shown in blue on Figure 5.1) were taken from semi-

structured interviews (Brinkmann and Kvale 2015) that were completed with each of the three 

teachers within one week of the corresponding RAM session. All participants were offered the 

choice of an online interview via Microsoft Teams or a face-to-face meeting. All three 

teachers elected to carry out the interviews virtually due to the ease and convenience of an 

online meeting. In Table 5.5, I provide a record of the length of the recordings for the twelve 

online interviews that took place.
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 Length of interview recording (minutes:seconds) 
Interviewee Interview 0 Interview 1 Interview 2 Interview 3 

Drew 31:20 27:33 22:55 21:14 
Jo  18:30 15:08 27:18 23:25 
Ronnie 27:09 30:52 17:57 24:08 

Table 5.5 Summary of interview lengths 

All interviews took place with cameras enabled so both participants were able to read 

verbal and non-verbal cues from one another (Mears 2021). Deakin and Wakefield (2014) 

note there are some potential drawbacks with on-line interviews such as higher absenteeism 

and difficulties with building working relationships. However, my personal experience of the 

virtual interviews accords with Archibald et al. (2019) who suggest interviewees prefer an on-

line experience as it is convenient, interactive and enables personal connections. The 

participants took part in the interviews from desk top computers situated in their own 

classrooms either during a free period, or after school. 

The semi-structured interview provides a way to understand the experiences of others 

(Mears 2021), provides deeper insight into participants’ perspectives (Stake 1995) and 

provides insight into critical events (Yin 2018). I align with Parker (2005) who suggests most 

interviews could be considered semi-structured since the interviewer and the interviewee are 

likely to have different aims. Therefore, to help ensure my aims were clear to me, I prepared 
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interview guides (Brinkmann and Kvale 2015) which were intended to balance focus with 

responsiveness to the interviewee. 

My use of interview guides 

Copies of the interview guides designed for interviews 0, 1, 2 and 3 are provided in 

Appendix 16. Brinkmann and Kvale (2015) identify semi-structured interviews to be most 

purposeful when evidence is sought around chosen themes and informed by a consideration of 

worthwhile knowledge. As discussed in the design of the RAM resources in Chapter 4, there 

were several features I thought would be helpful to gain participants’ insights on. Firstly, I 

included questions around beliefs about mathematics education to provide insight into the 

theory of learning I have adopted for mathematics DPD. Secondly, I included questions 

around the potential moments of variation I designed to provide insight into the agents of 

change approach I have adopted. 

Regarding beliefs about mathematics education, I planned to ask participants to 

comment on their personal belief weightings by domain, and their views of the RAM 

elements. For instance, in interview 1 I planned questions on participants’ personal weightings 

provided for the domain of beliefs about mathematics in the introductory session, and their 

views of the beliefs about mathematics seen in RAM element 1. Similarly, for interviews 2 

and 3, I planned questions around personal beliefs and views of beliefs underpinning RAM 

elements 2 and 3 in the domains of teaching mathematics and learning mathematics 

respectively. Regarding my understanding of agents of change, I included questions in the 



 

176 
 

interview guides around the events I anticipated might lead to moments variation. For 

instance, as discussed in Chapter 4, I anticipated potential moments of variation may occur in 

RAM session 1 when participants solve the problem individually, when they work in small 

groups, and when a potential classification is shared. In the same way, in interviews 2 and 3 I 

prepared questions to support my interpretation of moments of variation regarding planned 

changes to the lesson plan, and unplanned changes in the live research lesson. 

My approach during semi-structured interviews 

In planning my approach to the semi-structured interviews, I was clear my aim was to 

develop knowledge rather than bring change to the interviewee. Brinkmann and Kvale (2015, 

p. 48) recognise qualitative interviews have been influenced by psychoanalytic techniques but 

are clear any changes to the interviewee should be considered a ‘side effect’ rather than the 

aim. Some of the interviewees were very open about their work lives and their professional 

frustrations. For example, one interviewee spoke of their recent disappointment at being 

turned down for a job at another school. In such situations my role was not to seek to resolve 

this issue, but to listen to the concern, before trying to return to my focus. Without adopting a 

psychoanalytic interview approach, I do think there is significance in being aware of what an 

interviewee chooses to talk about (Mayo 2000). I therefore aimed to balance following a line 

of enquiry with allowing a participant to express their thoughts (Parker 2005). Thus, whilst 

steered by my interview guides, I sought to listen to what was said, listen to what was not said, 

and listen for what cannot be said without assistance (Mayo 2000). 
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In practice, I was conscious my use of an interview guide could create the perception 

of a power imbalance (Brinkmann and Kvale 2015) for interviewees. Mayo (2000, p. 64) 

offers some guiding principles which he developed to move away from a ‘question-and-

answer type of interview’. I see this as a necessary part of a semi-structured interview to 

mitigate against ‘an instrumentalization of the process’ (Brinkmann and Kvale 2015, p. 37). 

Therefore, during interviews I planned to give my attention to the interviewee, listen rather 

than talk, avoid arguing, and summarise what was said (Mayo 2000). I endeavoured to create 

an environment whereby meaningful data would be generated through the interviewee feeling 

valued, rather than create an atmosphere that might suggest I was only interested in scripted 

questions. Whilst Mears (2021) suggests this is a contributing factor in developing rapport, I 

am a little more cautious in making this claim. Claims of creating rapport are ‘necessarily one 

sided’ (Parker 2005, p. 66) and neglect to consider the perspective of the interviewee. For me, 

the conversations that took place were not about rapport, but about an attempt to generate 

knowledge about ‘a particular account on a particular occasion’ (Parker 2005, p. 67).  

My transcription of data 

When transcribing recordings Hammersley (2020, p. 378) suggests there are ‘no 

simple rules to be followed’. Decisions must be taken around whether to transcribe all the 

recordings; whether to adjust transcribed words to reflect the spoken sound; whether to 

include non-words such as ‘urr’; whether to include silences and pauses; and whether to label 

the speakers (Hammersley 2020). I began with an automated transcription of each interview 

generated from Microsoft Teams. This made possible a ‘direct coding on the sound’ 
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(Brinkmann and Kvale 2015, p. 206) with a reasonable degree of accuracy. As McMullin 

(2021) notes, automated transcription provides an acceptable first draft, but the software may 

be unable to accurately determine punctuation, hesitation words, and nonverbal cues. 

Therefore, for each of the transcriptions, I sought to ensure confidence in what had been 

generated through repeated listening to the recordings and adjusting punctuation or word 

errors according to what I heard. In doing this I did not seek to reflect pronunciation or dialect 

but to create a transcript on the naturalized-denaturalized spectrum, between ‘intelligent 

verbatim’ (McMullin 2021, p. 141) and ‘full verbatim’ (McMullin 2021, p. 141). 

In addition to adjusting some of the automatically transcribed words to what I heard, I 

also removed ‘back-channel noises’ (Hammersley 2020, p. 375) such as laughter and ‘urr’. 

Similarly, no record of non-verbal communication such as ‘posture and gesture’ (Brinkmann 

and Kvale 2015, p. 204) were included. Whilst I considered adding this information, I felt it 

would require additional subjective decisions to be made (Brinkmann and Kvale 2015) and so 

recognise a potential source of data may be ‘lost in transcription’ (Bourdieu and Ferguson 

1999, p. 622). However, in the approach I planned to adopt for analysis, I consider the 

completed documents and written language as sufficient. I believe the ‘language we use is 

woven into reality’ (Parker 2005, p. 17) and therefore elected to focus only on transcribed 

words. 

Some re-formatting of the Microsoft transcriptions also took place. As can be seen in 

the sample excerpt of Appendix 17, I used two different fonts to show when I spoke and when 
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the interviewee spoke. Parker (2005, p. 54) suggests the interviewer’s words should be 

‘treated with as much care’ as those of the interviewee, highlighting the interviews took place 

in the context of a conversation. An excerpt from an interview 1 transcript is shown in 

Appendix 17 and illustrates how I attempted to balance using my interview guide with in-the-

moment responses. For instance, according to my guide for interview 1, I had planned to 

begin by asking for comments on personal weightings regarding beliefs about mathematics 

and then ask for comments about the session. However, in practice I found it easier to talk 

about the shared experience of the first RAM session, before going back to ask about 

weightings. 

Once satisfied with the accuracy of the transcriptions, as recommended by Mero-Jaffe 

(2011), I sent a copy to each of the interviewees. It is suggested this empowers interviewees, 

removes any potential embarrassment about seeing their words written down (Mero-Jaffe 

2011) and gives the opportunity for corrections to be made (Brinkmann and Kvale 2015). 

Whilst receiving acknowledgement of receipt, none of the interviewees suggested any changes 

to the transcripts. The transcribed files were then loaded into NVivo 14 and saved using the 

naming convention of ‘Interview (number) [name]’. With four interviews for each of the three 

teachers, this process generated n=12 documents for analysis. 

5.5 Analytic framework 

With the generation of data described, I now turn to explain the analytic framework I 

utilise in this study. To answer my research question, I needed a framework that would 
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support the finding of commonalities in participants’ experiences of the RAM programme. 

Therefore, I felt the general approach of Thematic Analysis (TA), which seeks to ‘identify 

patterns and meanings within data’ (Finlay 2021, p. 103), would be appropriate. Within the 

broad spectrum of TA techniques, Finlay (2021) suggests there exists two overlapping 

categories of scientifically descriptive and artfully interpretive. Furthermore, Finlay (2021) 

proffers a description of a researcher who resides in the overlap as one who embraces 

creativity, sees meanings as fluid, and is rigorous in generating and evidencing themes. These 

resonating principles led me to Reflexive Thematic Analysis (RTA) (Braun and Clarke 

2021b), which prioritises the interrogation and transparency of ‘the researcher’s role’ (Finlay 

2021, p. 107) in the production of knowledge. Indeed, three features of RTA make it 

particularly relevant to my study in terms of creative reflexivity, compatibility with deductive 

analytic orientations, and a rigorous framework (Braun and Clarke 2021b). 

5.5.1 Utilisation of creative reflexivity 

Braun and Clarke (2021b) suggest the term reflexivity captures a recognition of 

personal subjectivity and a willingness to interrogate it. It is this reflexivity which becomes a 

creative ‘resource for doing analysis’ (Braun and Clarke 2021b, p. 8) and ‘the fuel that drives 

the engine’ (Braun and Clarke 2021b, p. 12) of analysis. I recognise, in my role as the 

researcher, I am central to the production of knowledge (Terry and Hayfield 2020) and 

therefore am responsible for showing ‘critical self-awareness’ (Finlay 2021, p. 107). Braun 

and Clarke (2021b) identify this critical self-awareness as including reflecting on disciplinary 

assumptions, theoretical assumptions, personal assumptions, and design choices. I have sought 
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to adopt this position of reflexivity throughout my work and include a final reflection in 

Chapter 9. 

I suggest my utilisation of reflexivity is complex and likely to only be ‘partial, 

tentative, [and] provisional’ (Finlay 2002, p. 542). The requirement for reflexivity rests upon 

being ‘critically self-conscious’ (Finlay 2002, p. 542) and considerate of subjective feelings. 

Furthermore, Parker (2005, p. 28) cautions against reducing reflexivity to a self-indulgent 

‘feeble confession’ in an attempt justify the knowledge prioritised. Instead, reflexivity should 

include a consideration of ‘the social relations that have enabled someone to experience 

themselves as an individual in relation to others’ (Parker 2005, p. 29). A similar sense of 

wider interaction is captured by Berger (2015), who claims a researcher must take 

responsibility for the effect they may have on people, the interviews, the data in general and 

its interpretation.  

Personal reflexivity 

In Chapter 1, I outlined both my personal experiences and philosophical underpinnings 

that have led to this work. I see these two factors as contributing to the knowledge I generate 

in this study but recognise these ideas have developed in relation to others. Indeed, the 

education experiences I shared in Chapter 1 provide some understanding of ‘how it might 

have come to be that I felt this’ (Parker 2005, p. 29). My experiences have led to a desire to 

deepen my understanding of teacher professional development, and to value the experiences 

of people. I believe contradiction potentially provides a basis for gaining this deeper insight, 
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and a ‘basis for freedom, equality and solidarity’ (McGowan 2019, p. 10). My ontological 

perspective has been particularly shaped through books by McGowan (2016, 2019) and Žižek 

(2012, 2023). Their Hegelian frameworks, and employment of psychoanalytic thinking, 

provides a perspective which I believe is under-utilised in education circles.  

This study is also shaped by my ‘social relations’ (Parker 2005, p. 29) with the 

teachers who participated in the study. For instance, as mentioned earlier, prior to this study 

Drew had been part of a mathematics teacher training programme I led. Though this may 

imply some power imbalance I suggest it is mitigated by Drew being a confident, mature 

trainee close to my age. The first time I met the rest of the department at Victoria School was 

at the RAM introductory session. I am aware there is a potential power imbalance with Jo who 

was in an early stage of their teaching career and lacked mathematical confidence. 

Additionally, during my first meeting with Ronnie I felt they revealed a cautious and slightly 

suspicious approach to me as a university researcher. Each of these over-simplified 

perspectives may have had some effect on the completion of documents within sessions and 

may have affected the direction of the semi-structured interviews.  

5.5.2 Compatibility with deductive analytic orientations  

A second feature of RTA is its compatibility with a deductive orientation to analysis 

(Braun and Clarke 2021b). Within this orientation there is acceptance that analysis can be 

‘shaped by existing theoretical constructs’ (Braun and Clarke 2021b, p. 10). Whilst 

recognising the potential for a ‘a monopoly of interpretation’ (Brinkmann and Kvale 2015, p. 
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38), I seek to present a transparent account of my decisions. This work is not a study of 

teachers, but nor is it an attempt to merely share their stories. Instead, I work alongside the 

teachers to gain their insights whilst retaining my responsibility for analysing and 

interpretating the data. In my analyst-driven deductive approach (Byrne 2022) I utilise two 

theoretical constructs to inform the development of codes and themes. Firstly, in respect to 

beliefs I draw on Swan’s (2006b) framework of beliefs about mathematics education as 

discussed in Chapter 2. Secondly, I seek to draw on McGowan’s (2019) contradiction 

informed understanding of human nature and take note of moments of variation as discussed 

in Chapter 3. These influences are explored, and exemplified, in greater detail in the next 

section. Whilst placing myself on the deductive side of the analyst spectrum, I also briefly 

discuss an alternative thematic analysis approach influenced by dialectics. 

Thematic analysis influenced by dialectics 

MacCarthy (2021) commends Dialectic Thematic Analysis (DTA) as an approach to 

analysis which facilitates the concurrent use of both analytic and deductive approaches. 

MacCarthy (2021) claims DTA follows a process whereby data is simultaneously analysed 

inductively and deductively, before being brought together to produce new knowledge. For 

me, this epistemological process echoes the approach of determinate negation discussed in 

Chapter 1. The inductive analysis acts as the thesis, the deductive analysis acts as the 

antithesis, and a synthesis between the two is sought. Again, I believe dialectics has been 

reduced to a misunderstood epistemology, and consequently the potential ontological insight it 

provides is lost. DTA sets the analytic and deductive approaches against each other in seeking 
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to reveal the contradiction rather than see the contradiction that exists within. Instead, I 

believe: 

at every turn, contradiction manifests itself, even when one attempts to 
articulate the simplest proposition. If contradiction isn’t just an error of thought 
but a prerequisite of being, then it becomes impossible to avoid (McGowan 
2019, p. 63). 

This impossibility of avoiding contradiction has led to it informing the generation of 

my themes and my interpretation of data, as shown in the next section. It is the ontological 

insight of dialectics, and not simply an epistemological process, that shapes the ‘thoroughly 

partial ‘reading’’ (Braun and Clarke 2021b, p. 174) I seek to tell. 

5.5.3 A rigorous framework  

The third feature of RTA I find helpful is the clear guidance provided around 

‘developing, analysing and interpreting patterns’ (Braun and Clarke 2021b, p. 4). This 

guidance takes the form of ‘robust, process guidelines, not rigid rules’ (Braun and Clarke 

2021b, p. 10). Or, as Terry and Hayfield (2020, p. 434) suggest, the framework phases of RTA 

are intended to provide ‘ever-increasing engagement’ rather than simple steps of a recipe. 

Braun and Clarke (2021b) identify six phases of RTA – familiarisation, coding, generating 

themes, developing themes, naming defining themes, and writing up. I utilise this framework 

in my discussion of the next section and exemplify its use in my study.  



 

185 
 

5.6 My application of Reflexive Thematic Analysis 

In this section I explain the journey I experienced in utilising RTA for the data 

generated from my study according to the phases of RTA suggested by Braun and Clarke 

(2021b). However, I will describe the phases of generating themes and naming themes 

together as they did not fit into two clearly distinguishable experiences for me. In addition, the 

write up phase will take the form of the subsequent chapters where I share my themes and 

seek to create a persuasive story that draws on ‘vivid data’ (Finlay 2021, p. 107). 

5.6.1 Familiarisation with the data 

Braun and Clarke (2021b) recommend an initial immersion in the data which involves 

re-listening to recordings, reading transcripts and studying other data. Indeed, my 

familiarisation process began in this way to ensure I was satisfied with the data before loading 

it into NVivo 14. Once the data had been loaded into NVivo 14 (see Appendix 18), I sought to 

purposefully review all documents again and create summary notes by documenting initial 

insights (Terry and Hayfield 2020, Braun and Clarke 2021b). The resulting document can be 

seen in Appendix 19 and provided a helpful way for me to gain an overview of a large amount 

of data. To create the summary document, I worked through the data documents for Drew, Jo 

and Ronnie in turn. As with all the phases of RTA in my study, my analysis included 

consideration of both qualitative data, and more quantitative data in the form of tables of 

beliefs weightings and triangular plots. Following the creation of these summary notes, I 

embarked on a phase of initial ‘critical engagement’ (Braun and Clarke 2021b, p. 44) by 

making initial observations of commonality and possible reasons. My summary document 
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reveals initial considerations around Task Ladder lesson structure, thoughts around effective 

professional development, beliefs about mathematics education, and views of the RAM 

programme. 

5.6.2 Coding the data 

Following familiarisation with the data, I generated ‘pithy, analytically-meaningful’ 

(Braun and Clarke 2021b, p. 35) codes in a ‘systematic way’ (Finlay 2021, p. 107). The codes 

I created were informed by the familiarisation phase, but also by the theory that has been 

informing this work. Hence, I took notice of data that could be seen as indicating 

Transmission, Discovery, and Connectionist beliefs according to the work of Chapter 2. 

Similarly, my interest in Hegelian contradiction encouraged me to pay attention to moments 

of variation in terms of discomfort and adjustments. In Chapter 3, I defined moments of 

variation as when a teacher’s conscious desires contrasted with their unconscious actions. 

Therefore, in coding the data I sought to take notice of teacher’s claims and actions in terms of 

beliefs about mathematics education.  

Utilising the functionality of NVivo 14, I initially coded the data for each teacher 

beginning with Drew, then Jo, then Ronnie. My intention here was to create a set of codes 

from the first teacher, which could then be added to with each subsequent teacher. To then 

disrupt this pattern, and to help develop a more evenly coded dataset (Braun and Clarke 

2021b), I repeated the coding process by looking at the equivalent documents for each of the 

three teachers. The initial set of codes I generated can be seen in Appendix 20 and I 
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experienced some doubt around whether I was duplicating codes or creating needless 

additional codes. For example, after coding some extracts as ‘Connectionist’, I then coded 

other extracts as ‘Connectionist view of mathematics’, ‘Drew Connectionist view of 

mathematics’, and ‘Connectionist linked to other beliefs’. However, Braun and Clarke (2021b, 

p. 64) advise to ‘keep all potentially relevant ideas ‘in play’’ with a view toward gradual 

refinement.  

To help structure the refinement of codes, I firstly re-coded data that was relevant to 

teachers’ beliefs about mathematics education. Secondly, I re-coded data relevant to teacher’s 

views of the beliefs about mathematics education underpinning the RAM programme. Thirdly, 

I re-coded data that was relevant to what teachers claimed about their development and their 

actions within the RAM programme. This re-coding included promoting codes (Terry and 

Hayfield 2020), removing codes, re-coding the data within (Finlay 2021), and clustering codes 

(Braun and Clarke 2021b). The final set of codes for my dataset can be seen in Appendix 20. 

Following the creation of my codes I spent time reflecting on the process I had 

adopted, and the fact my largely deductive approach meant some data had been ignored. I 

considered whether I was selecting data to support my thinking or even misrepresenting the 

dataset. For example, two teachers spoke to me about their experiences in applying for jobs, 

but I elected not to make use of these sections since they did not relate to beliefs about 

mathematics education or moments of variation. Braun and Clarke (2021b, p.101) 

acknowledge this concern and recognise analysis may only be based on ‘part of the dataset’. 
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With the large amount of data I had, I felt it necessary to make judgement calls on whether the 

data simply reflected the different aims of the interviewer and the interviewee (Parker 2005). 

Eventually, I felt I had a set of codes that satisfied my desire for a diversity of meaning, and 

an indication of my ‘analytic take on things’(Braun and Clarke 2021b, p. 71). 

5.6.3 Generating and naming themes 

Following the creation of a set of codes, I sought to generate meaningful themes that 

would ‘describe patterns in the data’ (Finlay 2021, p. 107). These themes were influenced by a 

desire to answer my research question, alongside the ideas of contradiction introduced in 

Chapter 1. Therefore, I sought to create names that would signal both ‘meaning and analytic 

direction’(Braun and Clarke 2021b, p. 112) whilst articulating ‘the central organising concept’ 

(Terry and Hayfield 2020, p. 439). In response to seeking to understand how mathematics 

teachers’ experiences of a mathematics DPD programme can be interpreted through the lens 

of contradiction I have suggested three themes. I claim beliefs are interdependent, moments of 

variation are acts of self-sabotage, and belief trajectories show journeys not destinations. The 

simple act of listing my theme titles belies the time invested in this stage, and the re-writes 

that took place. In addition, I am conscious the inclusion of my analytic direction in the theme 

titles means there is still work to be done in conveying the ‘scope, boundaries and core 

concept’ (Braun and Clarke 2021b, p. 108). Indeed, I seek to convey this meaning through 

summaries, extended data extracts, and my analytic interpretations in the next three chapters. 

By addressing each theme in a separate chapter, I combine ‘the ‘results’ and ‘discussion’ 
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sections’ (Braun and Clarke 2021b, p. 131) with the intention of avoiding repetition and 

providing clarity. 

5.7 Summary of Chapter 5 

In this chapter I have summarised the methodological approach and research design I 

have adopted in this study. I have sought to act ethically throughout, and my approach has 

been positioned within an epistemological and ontological understanding of contradiction. I 

have adopted a case study approach with the intention of answering my research question 

around how mathematics teachers’ experiences of a mathematics DPD programme can be 

interpreted through the lens of contradiction. The case has been clearly defined as the one-year 

RAM programme, described in Chapter 4, taking place at Victoria School. Insight into this 

case is gained through the experiences of three teachers who provide completed RAM 

documents and semi-structured interviews. Data has then been generated from these sources 

and examined through Reflexive Thematic Analysis (Braun and Clarke 2021b). Finally, in this 

chapter I have detailed my application of RTA to this study and my utilisation of NVivo 14 to 

support this. I have provided details on my deductive approach, informed by contradiction, a 

framework of beliefs about mathematics education, and my understanding of moments of 

variation. With my approach established, in the next three chapters I provide the results and 

analysis to support each of my three themes.
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Chapter 6. 

Analysis of theme 1: beliefs are interdependent 

6.1 Synopsis of Chapter 6 

In this chapter I present the first of three themes which I developed from my data 

through Reflexive Thematic Analysis. The theme name of beliefs are interdependent is 

simple, and only hints at the claims I make in this chapter. To present these claims I share the 

three participating teachers’ personal belief weightings in the domains of mathematics, 

teaching mathematics, and learning mathematics. These weightings were completed in the 

Rethinking Approaches in Mathematics (RAM) introductory session and provide a measure 

for each teachers’ cluster of beliefs about mathematics education. In addition to considering 

the weightings, I interpret supporting data taken from interview transcripts following semi-

structured interviews. Once the results have been presented, I discuss my interpretation of this 

data through a form of dialectic thinking. I highlight the contradiction I see as inherent in 

Swan’s (2006a, 2006b) original interpretation of the data, before suggesting a contradiction 

informed alternative. Finally, I translate the three examples of dominant beliefs in this study to 

suggest the universal categories of beliefs about mathematics education are contradictory. 

6.2 Introduction 

Within this chapter, and the next two, I have decided to present my analysis by 

examining the results first followed by my interpretation. In doing this, I acknowledge the 

results are not a neutral presentation of data since I have made decisions on what to include, 
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what not to include, and how to organise the sections. Therefore, even in presenting my results 

I am providing an initial ‘interpretive account’ (Braun and Clarke 2021b, p. 132) of the data. I 

also note that in providing these interpretive accounts it may appear at times that I focus on 

teachers. However, I view the teachers as providing data from three contrasting perspectives 

regarding the case of the RAM programme. Once the data has been shared, I then seek to 

make ‘theoretical, scholarly and wider contextual interconnections’ (Braun and Clarke 2021b, 

p. 132) in my discussion. 

My results are organised under headings that indicate the analytic interpretation I will 

make in the second half of this chapter. I share data to suggest the teachers have dominant 

beliefs about mathematics education, but that they can also be interpreted as being 

interdependent with non-dominant beliefs. I use the word interdependent to capture the sense 

that each belief category is dependent on the other belief categories, or as Engley (2023, p. 

747) states ‘on their own internal opposition’. This theme was developed from the personal 

belief weightings provided by the participating teachers in the RAM introductory session, and 

from interview comments. As described in Chapter 5, the personal belief weightings were 

recorded in the documents titled Beliefs [name] along with the corresponding triangular plots. 

Interview comments were recorded in the documents Interview (number) [name], and provide 

the teacher’s own descriptions of their teaching, and their discussions of the weightings they 

provided. In the development of this theme, I included the codes shown in Table 6.1.
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 Codes 

My main belief about mathematics 
My main beliefs about teaching mathematics 
My main belief about learning mathematics 
My main belief about mathematics education  
I also believe this 
Simultaneous beliefs 
External pressure on beliefs 

Table 6.1 The codes that contributed to the first theme 

6.3 Results supporting the theme of beliefs are interdependent 

To provide an overall indication of the teachers’ beliefs, I begin by sharing data on the 

calculated cluster of beliefs about mathematics education. These weightings are supported by 

teacher comments taken from Interview 0 [name] made following the RAM introductory 

session. I then take a detailed look at the domain level beliefs which make up the beliefs about 

mathematics education for each teacher. Hence, I share results at the domain levels of beliefs 

about mathematics, teaching mathematics, and learning mathematics separately and support 

each of these with results taken from the corresponding interview transcripts. 

6.3.1 The cluster of beliefs about mathematics education 

The weightings for the cluster of beliefs about mathematics education, which were 

calculated following the introductory session, are shown in Table 6.2. A bold typeface has 

been used to draw attention to the dominant belief category for each teacher. 
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Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 12 65 23 
Jo 50 28 22 
Ronnie 11 12 77 

Table 6.2 The cluster of beliefs about mathematics education for Drew, Jo and Ronnie 

Additionally, the data from Table 6.2 is displayed in the form of a triangular plot in 

Figure 6.1, with dotted lines used to highlight each teachers’ dominant belief category.
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Figure 6.1 A triangular plot of the cluster of beliefs about mathematics education for Drew, Jo 

and Ronnie 

As shown in Table 6.2 and Figure 6.1, Drew had a dominant belief of Discovery, Jo 

had a dominant belief of Transmission and Ronnie had a dominant belief of Connectionist for 

the cluster of beliefs about mathematics education. My interpretation of the reasonableness of 

this data is supported by teacher comments recorded in Interview 0 [name]. These comments 

were made prior to the start of the RAM programme and were given in response to the 
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planned interview guide request to describe their teaching, alongside subsequent follow up 

questions. 

Drew’s dominant Discovery belief interdependent with the other categories 

As seen in Table 6.2, Drew had weightings of 12%-65%-23% for Transmission-

Discovery-Connectionist respectively for beliefs about mathematics education. Drew’s 

dominant Discovery weighting was reflected in the importance they placed on problem 

solving and seeing mathematics as a tool. Drew stated (Interview 0 [Drew], 00:10:59) “what’s 

the point in having a tool if you don’t know how to use it?” and “what they [the students] 

really need to do is problem solve”. Drew additionally spoke of a desire to create stimulating 

problems for students to solve in lessons. Drew (Interview 0 [Drew], 00:12:38) illustrated this 

with two recent lesson foci where students were asked to independently discover “how long to 

drive to the moon” and “how many cans of coke would we need to empty into this room to fill 

it”. 

Though indicators of the dominant belief of Discovery were visible in Drew’s 

interview, so too were comments reflecting the importance of the Connectionist weighting of 

23%. For example, Drew (Interview 0 [Drew], 00:11:59) revealed how they saw problem 

solving (reflecting a Discovery belief) as ultimately helping to reveal mathematics is an 

interconnected body of ideas since “multiplication - it's a ratio problem really”. Similarly, 

Drew (Interview 0 [Drew], 00:11:59). argued problem solving required making connections 

since it involved “classifying and linking”. Interdependence with Transmission beliefs (given 
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a weighting of 12%) could also be seen when Drew discussed their use of the school wide 

Task Ladder lesson structure. Drew (Interview 0 [Drew], 00:12:38) confessed they used recall 

starters before engaging with problem solving to encourage practice and fluency despite it 

making them “feel a little bit queasy”. Drew (Interview 0 [Drew], 00:12:38) explained this 

discomfort existed because recall starters are “quite effective”, “boring” and “good at the 

same time”. 

Jo’s dominant Transmission belief interdependent with the other belief categories 

As seen in Table 6.2, Jo had weightings of 50%-28%-22% for Transmission-

Discovery-Connectionist respectively for beliefs about mathematics education. Support for a 

dominant Transmission perspective could be seen when Jo spoke of their teaching as being 

“very structured” (Interview 0 [Jo], 00:01:15). Furthermore, Jo explained how the school’s 

Task Ladder lesson structure matched closely to their beliefs. Using the words of the Task 

Ladder structure, Jo described their teaching as: 

check their understanding, can they remember what we did before? Introduce 
something new, do you get it? Let's have a practice. Let's just do an 
assessment. Bang, you’re done (Interview 0 [Jo], 00:08:15). 

However, Jo also provided interview comments that revealed interdependence on the 

Connectionist category (given a weighting of 22%). Jo (Interview 0 [Jo], 00:01:15) revealed, 

“I like students to come up and have a go on the board and I like students to explain”. Jo 

adopted an approach where teacher transmission of information and class involvement were 

interdependent with each other. For example, Jo (Interview 0 [Jo], 00:01:15) explained “I like 
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everybody to be involved”, “we bat it around”, and “it's very much about making it they’re 

part of the classroom”. Alongside their Transmission and Connectionist beliefs, Jo also 

provided a significant Discovery weighting of 28%. However, there was no clear comments 

made in this interview that I interpret as reflecting Discovery beliefs. 

Ronnie’s dominant Connectionist belief interdependent with the other belief categories 

Table 6.2 shows Ronnie had weightings of 11%-12%-77% for Transmission-

Discovery-Connectionist respectively for beliefs about mathematics education. These numbers 

align well with comments made by Ronnie in their first interview. For example, when asked to 

describe their approach to teaching, Ronnie (Interview 0 [Ronnie], 00:03:31) stated, “I’m a 

big one for thinking about connections within maths” and concluded that, “rather than being 

compartmentalised, it’s important to look at the going across”. Ronnie further confirmed the 

reasonableness of a dominant Connectionist weighting by speaking of a poster they once saw 

showing links across school mathematics topics. 

Algebra was all blue, and like statistics and probability was all red, and it 
connected all of the things, and then the ones that were like kind of both, so 
involved both algebra and number whatever, were like the mixture of the two 
colours. And it was not some, just like five different colours of bars, it was like 
literally a complete rainbow (Interview 0 [Ronnie], 00:03:31). 

Ronnie provided very low weightings for the Discovery and Transmission categories 

of 11% and 12% respectively. Accordingly, very few comments made in the initial interview 

could be used to infer these beliefs. However, Ronnie still talked about the value they placed 

on the school Task Ladder structure, which I interpret as reflecting Transmission beliefs 
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toward mathematics education. Ronnie began by describing the Task Ladder as “a way to try 

and make sure that teachers do what they’re supposed to do in a classroom” (Interview 0 

[Ronnie], 00:15:48), a “non-negotiable” (Interview 0 [Ronnie], 00:17:57), and that “you can't 

argue with it, just do it” (Interview 0 [Ronnie], 00:17:57). Following this, Ronnie (Interview 0 

[Ronnie], 00:23:12) went on to admit “but, you know, I quite like the Task Ladder now, yeah, 

I'm, I'm not, I'm not opposed to it”. When asked to expand on this, Ronnie (Interview 0 

[Ronnie], 00:23:12) confirmed ‘I am the expert in the room so sometimes I need to show 

students what to do”. Despite their initial frustration, Ronnie had accepted that helping 

students make connections in mathematics also sometimes required the teacher to transmit 

mathematics to students. 

6.3.2 Beliefs about mathematics 

The first domain which contributes to the cluster of beliefs about mathematics 

education is that of beliefs about mathematics. Here I examine the weightings for each of the 

three teachers in the domain of beliefs about mathematics taken from the documents Beliefs 

[name]. In addition, I support these weightings with comments recorded in the documents 

Interview 1 [name]. These comments were made following the first RAM session, but in 

reference to the weightings the participants provided during the RAM introductory session. 

The teacher’s weightings for the domain of beliefs about mathematics are shown in 

Table 6.3, with a bold typeface used to highlight the dominant category 
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Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 10 70 20 
Jo 60 30 10 
Ronnie 5 5 90 

Table 6.3 Beliefs about mathematics for Drew, Jo and Ronnie 

The data from Table 6.3 is displayed in the form of a triangular plot in Figure 6.2, with 

dotted lines used to highlight the dominant belief category for each teacher.  

 

Figure 6.2 A triangular plot of beliefs about mathematics for Drew, Jo and Ronnie 
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During interview, the teachers confirmed, and justified, the weightings they had 

provided regarding beliefs about mathematics. In general, the teachers tended to begin by 

affirming their dominant weighting, before explaining their non-dominant weightings as being 

influenced by their view of national mathematics examinations. 

Initial affirmation of dominant beliefs 

As shown in Table 6.3, Drew, Jo and Ronnie provided dominant weightings of 

Discovery (70%), Transmission (60%), and Connectionist (90%) respectively. Drew 

(Interview 1 [Drew], 00:04:34) supported their Discovery belief by stating “kids enjoy maths 

when they see it answers questions”. Drew even explicitly stated their perspective that 

Discovery is better than the other two belief categories since “to be honest I think B 

[Discovery] is the zenith. If you can do B [Discovery] then you’re a good teacher” (Interview 

1 [Drew], 00:09:58).  

Jo (Interview 1 [Jo], 00:03:59) similarly affirmed their dominant perspective of 

Transmission by stating, “I am largely believing that, at the core, the core of maths, it is 

algorithms and procedures and rules”. Additionally, Jo explained: 

there are loads of different concepts that involve, that have like so many 
different methods that you could solve something with, so we could teach them 
[students] one method, that general method that's usually used, or the one we 
use, or a set method must be known (Interview 1 [Jo], 00:06:37). 

Finally, Ronnie (Interview 1 [Ronnie], 00:10:13) affirmed their dominant 

Connectionist belief weighting by saying, “I think all we do is really give them [students] the 
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language to connect up the maths”. Ronnie (Interview 1 [Ronnie], 00:10:13) continued by 

explaining how language enables creation, since “maths doesn't really get discovered. What 

happens is people develop the language to explain things”. 

Interdependence of dominant and non-dominant beliefs 

Each teacher also revealed the interdependence of their dominant beliefs with their 

non-dominant beliefs by making a link to national mathematics examinations. Drew explained 

a Connectionist weighting was necessary because “ultimately the qualification is not in 

discovering mathematics, the qualification is in applying mathematics” (Interview 1 [Drew], 

00:05:20). Notably, Drew (Interview 1 [Drew], 00:05:20) explicitly stated, “I don't think A 

[Transmission] and C [Connectionist] are contradictory to B [Discovery] at all”. Instead, 

Drew saw all three belief categories as necessary and complementary to one other. 

When Jo was asked to explain their different weightings for beliefs about mathematics, 

they explained how a Transmission perspective alone is insufficient for exams. Jo (Interview 1 

[Jo], 00:06:22) stated rules are “not enough to do well in exams”, and so the teacher has 

responsibility to show how to “apply the rules in unfamiliar contexts as well”. Jo (Interview 1 

[Jo], 00:06:22) re-iterated this view by explaining how exam requirements meant “you have to 

help students to want to tackle different problems”. 

Ronnie also revealed seeing the interdependence of belief categories by explaining the 

influence of examinations on their approach. Ronnie suggested, “our responsibility is to get 
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them [students] through exams” (Interview 1 [Ronnie], 00:11:58). This led Ronnie (Interview 

1 [Ronnie], 00:11:58) to the reflection that school can be seen as an exam production line 

since “we’re a factory. Yeah, we are. We are a factory”. Hence, Ronnie (Interview 1 [Ronnie], 

00:11:58) claimed “my role is not just making connections, but teaching the kids how to 

communicate with the examiner”. Ronnie inferred national examinations show the need for 

more than only Connectionist beliefs about mathematics: 

because that's what really matters. I mean, ultimately at the end of the day. You 
know, what are you getting tested on? You're getting tested on your ability to 
sit at a single desk and answer maths questions by yourself (Interview 1 
[Ronnie], 00:11:58). 

6.3.3 Beliefs about teaching mathematics 

The second domain I take a detailed look at is that of beliefs about teaching 

mathematics. Participants completed their weightings in the introductory session but were 

asked to provide comments about these weightings in interviews following the second RAM 

session. Their responses, alongside responses to follow-up questions, are recorded in the 

documents Interview 2 [name]. The belief weightings taken from the documents Beliefs 

[name] are shown in Table 6.4, with a bold typeface used to highlight the dominant category.
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Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 15 45 40 
Jo 50 25 25 
Ronnie 19 1 80 

Table 6.4 Beliefs about teaching mathematics for Drew, Jo and Ronnie 

The data from Table 6.4 is displayed as a triangular plot in Figure 6.3, with dotted 

lines used to highlight the dominant belief category for each teacher.  

 

Figure 6.3 A triangular plot of beliefs about teaching mathematics for Drew, Jo and Ronnie 
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During interview, the three teachers confirmed, and justified, the weightings they had 

provided regarding beliefs about teaching mathematics. In general, the teachers tended to 

begin by affirming their dominant belief weighting, before explaining their non-dominant 

belief weightings had been influenced by Victoria School’s Task Ladder lesson structure. 

Initial affirmation of dominant belief 

As shown in Table 6.4, Drew, Jo and Ronnie provided dominant weightings of 

Discovery (45%), Transmission (50%) and Connectionist (80%) respectively in the domain of 

teaching mathematics. Drew confirmed their dominant Discovery weighting by explaining 

their preference for teaching using interesting problems, and that their ideal would be: 

a two hour lesson a week where we just go pick a problem. I don't know, pick 
some maths, there’s a big thing of maths in the corner, interesting problems. 
Go pick one, try and solve it (Interview 2 [Drew], 00:03:20).  

Drew (Interview 3 [Drew], 00:02:20) explained how they recently adjusted “quite a 

didactic lesson” by asking students “to investigate the statement, there’s no such thing as 

division it’s just multiplication by the reciprocal”. Drew then added another example where, 

for a lesson on 3-dimensional shapes, they asked students to consider the statement “the planet 

has two poles, so it must have two vertices” (Interview 2 [Drew], 00:02:20).  

Jo provided a justification of their dominant weighting of Transmission by describing 

how teaching required students to be shown a method followed by a period of practice:  
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well, I feel like the teacher conveys the basics, the foundation, and then the 
students then need to use that to, I don't know. I’m trying to word it, but, yeah, 
we convey the foundations and then they then use it to solve problems, almost 
like” (Interview 2 [Jo], 00:00:18). 

Finally, Ronnie explained their dominant weighting of Connectionist by focusing on 

the value they place on discussion. Ronnie explained: 

I never really leave the kids to it, I’m always talking to them. That’s the way I 
teach. I do a lot of talk, and probably do far more talk than other teachers. I 
think you working with kids makes it more interesting, makes it more 
interesting, and it, it just engages more (Interview 2 [Ronnie], 00:00:43). 

Ronnie (Interview 2 [Ronnie], 00:07:51) continued by explaining, “am I actively 

teaching them how to talk to each other about their maths? Yes, I'm modelling it I would have 

said”. For Ronnie (Interview 2 [Ronnie], 00:07:51) this meant they “play basketball” with 

student questions by asking for ideas from other students. When a student asked a question, 

Ronnie explained how they moved the discussion between students rather than directly answer 

it themself:  

what I try and do is try and go right, that goes to that student, then I'm trying to 
manage that, manage the reply from that student, and send it to that other 
student. Rather than it coming back to me and sending it back to that person. I 
want to send it to that person to send it to that person, to send it to that person 
(Interview 2 [Ronnie], 00:07:51).  

Ronnie (Interview 2 [Ronnie], 00:07:51) concluded this explanation with the statement 

“now I believe that's C [Connectionist]”. 
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Interdependence of dominant and non-dominant beliefs 

The three teachers revealed how they saw their dominant belief as interdependent with 

their non-dominant beliefs through reference to the school Task Ladder. Regarding the non-

dominant weighting of 15% for the Transmission perspective, Drew acknowledged: 

I have a job to do and I am paid by somebody else who tells me, not how to 
teach, but that there are minimum standards and things that I have to do and 
they fall more into A [Transmission] (Interview 2 [Drew], 00:07:32). 

Drew (Interview 2 [Drew], 00:07:32) further described the structure of the Task 

Ladder as “incongruous” to their dominant belief of Discovery, but that at the same time it 

was helpful since “it can be an effective tool”. This awareness of interdependence of beliefs is 

further heightened when Drew (Interview 2 [Drew], 00:07:32) admitted, “I hate myself for 

when it [a chalk and talk style lesson] goes well”. Despite worrying this style of lesson would 

be “letting them [the students] down” (Interview 2 [Drew], 00:08:59), Drew recognised the 

transmission of information is sometimes necessary to allow students to get to the problem-

solving aspect, which is what “they really need to do” (Interview 2 [Drew], 00:08:59). 

Similarly, Jo (Interview 2 [Jo], 00:00:55) affirmed the interdependence of their 

Transmission beliefs on their non-dominant beliefs by linking to the school Task Ladder 

structure. Jo (Interview 2 [Jo], 00:00:55) began by stating, “ultimately I use the Task Ladder 

structure to show students the new learning, and then they need to practice so I can check 

understanding”. However, Jo (Interview 2 [Jo], 00:00:55) then acknowledged interdependence 

since, “I’m also believing that students need to learn how to problem solve and they need me 
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to help that happen”. Notably, Jo phrased this view of problem solving as being dependent on 

the teachers’ actions. 

Ronnie also revealed interdependence between beliefs by referring to the Task Ladder. 

Despite strong Connectionist beliefs, Ronnie (Interview 2 [Ronnie], 00:09:35) accepted the 

Task Ladder as being “based on some Rosenshine principle of something or other, I sort of 

understand why we do it”. Ronnie (Interview 2 [Ronnie], 00:09:35 confirmed how they saw 

“breaking explanations into small steps” as providing a basis for students to discuss 

mathematics. Ronnie (Interview 2 [Ronnie], 00:10:58) went on to explain how “you have to 

incorporate it [the Task Ladder] to make it work for you”. 

6.3.4 Beliefs about learning mathematics 

The final set of data that contributed to the cluster of beliefs about mathematics 

education is in the domain of beliefs about learning mathematics. In interviews following the 

third RAM session, participating teachers were asked to comment on the weightings they 

provided at the RAM introductory session. Their responses, alongside responses to follow-up 

questions, are recorded in the documents Interview 3 [name]. The belief weightings taken 

from the documents Beliefs [name] are shown in Table 6.5, with a bold typeface used to 

highlight the dominant category.
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Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 10 80 10 
Jo 40 30 30 
Ronnie 10 30 60 

Table 6.5 Beliefs about learning mathematics for Drew, Jo and Ronnie 

The data from Table 6.5 is displayed as a triangular plot in Figure 6.4, with dotted 

lines used to highlight the dominant belief category for each teacher.  

 

Figure 6.4 A triangular plot of beliefs about learning mathematics for Drew, Jo and Ronnie 
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During interview, the three teachers confirmed and justified the weightings they had 

provided regarding beliefs about learning mathematics. In general, the teachers tended to 

begin by affirming their dominant belief weighting, before explaining their non-dominant 

belief weightings as being influenced by their classroom experiences. 

Initial affirmation of dominant belief 

As shown in Table 6.5, Drew, Jo and Ronnie provided dominant weightings of 

Discovery (80%), Transmission (40%) and Connectionist (60%) respectively in the domain of 

beliefs about learning mathematics. Drew (Interview 3 [Drew], 00:04:50) justified their 

dominant belief of Discovery by stating “students need to be interested in the maths to learn 

it”. Similarly, Jo (Interview 3 [Jo], 00:00:30) justified their dominant belief of Transmission 

by referring to how “the Task Ladder structure in my lessons reflects how I think pupils 

learn”. Jo (Interview 3 [Jo], 00:00:30) expanded on this by explaining “they [students] need to 

be shown what to do, I have to model it clearly, and then they, they need to practice so I can 

check they get it”. Finally, Ronnie (Interview 3 [Ronnie], 00:00:18) confirmed their dominant 

belief of Connectionist by stating “do I believe learning takes place through discussion? Yes”. 

Ronnie (Interview 3 [Ronnie], 00:00:18) added that they hold this view “because that’s how I 

learnt at school”. 
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Interdependence of dominant and non-dominant beliefs 

The three teachers revealed interdependence between their dominant and non-

dominant beliefs by referring to other experiences of student learning in the classroom. In all 

three teachers’ answers, there was a sense of them accepting their dominant beliefs were not 

always sufficient in helping students learn. When asked about their Transmission weighting of 

10% Drew (Interview 3 [Drew], 00:06:20), referring to students, suggested “they've got to, 

they've got to be given, they've got to be pointed in the right direction” and “you have to know 

the rules of the game you're playing”. Drew expanded on this link between Discovery and 

Transmission by stating:  

I think, I think there is room sometimes, because you can't just go, if it was all 
B [Discovery], you could just go into a room of 5-year-olds and say, find the 
volume of this shape. You need at some point to say, right, well this is the 
general idea, you know, you need a little bit of that to be honest with you 
(Interview 3 [Drew], 00:09:02). 

Jo accounted for their non-dominant Discovery belief weighting by linking to a 

Discovery belief of problem solving:  

I feel like, you [learners] need to be creative in your problem solving because 
like you, you can be faced with a problem in maths and you haven't been taught 
how to how to solve that particular problem (Interview 3 [Jo], 00:02:14).  

In a similar fashion, Ronnie linked their non-dominant weightings to their dominant 

Connectionist weighting by suggesting students found learning through discussion difficult. 

Ronnie (Interview 3 [Ronnie], 00:00:18) began by stating, “they’ve got to want to learn, and 

no matter how hard I try to make them discuss, at the end of the day they’ve got to take 
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responsibility”. However, Ronnie (Interview 3 [Ronnie], 00:00:18) added, “I think nowadays 

the skills of discussion are sort of disappearing. The children generally are losing those skills, 

the ability to sort of talk to each other properly”. This led Ronnie to reveal how their personal 

classroom experiences meant they saw a requirement for Transmission beliefs about learning 

mathematics: 

we don't have this sort of nice free three-hour lesson, where kids can come in 
and just relax and enjoy some maths. It's part of the problem with the education 
system as it is, so that’s why it’s best just show them [the students] the routine” 
(Interview 3 [Ronnie], 00:08:22) 

Ronnie further explained how they saw practice as an important part of learning in the 

classroom. Ronnie (Interview 3 [Ronnie], 00:10:30) admitted, “kids need to practise maths. 

You get better at the things you pay attention to. And David Beckham didn't get good at 

kicking the football by not kicking a football”. 

6.4 Discussion around the theme of beliefs are interdependent 

The results provided in the previous section contribute to my first theme entitled 

beliefs are interdependent. As Braun and Clarke (2021b) suggest, a title alone is insufficient 

and an accompanying discussion of the ‘scope, boundaries and core concept’ (Braun and 

Clarke 2021b, p. 108) is required. Hence, my claim is that a contradiction informed 

interpretation of the RAM programme reveals teachers’ beliefs about mathematics education 

are interdependent. The word interdependent is used to convey my interpretation that the 

participants see the categories of beliefs about mathematics education as being mutually 

dependent. To explain my argument, I begin by aligning to the original interpretation of 



 

212 
 

dominant beliefs about mathematics education used by Swan (2006a, 2006b). From this initial 

position I employ a form of dialectic thinking to reveal successive contradictions and move to 

a new contradiction informed interpretation of beliefs about mathematics education. 

6.4.1 Understanding beliefs based on dominant weightings 

Swan (2006a, 2006b) sought to create a model that would quantify teachers’ beliefs 

about mathematics education and allow changes to be measured. By calculating the cluster of 

beliefs about mathematics education, Swan (2006b) categorised teachers according to their 

dominant belief weighting only. Therefore, referring to Table 6.2, Drew would be classified as 

a teacher with Discovery beliefs (65%), Jo as Transmission beliefs (50%), and Ronnie as 

Connectionist beliefs (77%). Therefore, once a teacher has been assigned to a category, their 

views can be summarised using the associated descriptor. So, in Table 6.6, I summarise the 

three teachers according to the descriptors of beliefs about mathematics education which were 

stated in Chapter 2. 
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Name Dominant belief 
category 

Dominant belief description 

Drew Discovery Views mathematics as a human creation and encourages 
students to learn through individual exploration and 
reflection, while the teacher adopts a reactive, facilitating 
role. 

Jo Transmission Views mathematics as a series of ‘rules and truths’ that must 
be conveyed to students and teaching as ‘chalk and talk’ 
followed by individual practice until fluency is attained. 

Ronnie Connectionist Views mathematics as a network of ideas that the teacher and 
student must construct together through collaborative 
discussion. Here the teacher has a proactive role in 
challenging students 

Table 6.6 The dominant belief descriptors of Drew, Jo and Ronnie 

These simple descriptions of teachers would apply to any teacher whose dominant 

belief weightings fall within a range. Conceivably, a teacher could be allocated to one of these 

categories if they had a dominant belief weighting between 34% and 100%. This same 

approach of classification according to a dominant belief can even be seen in Swan’s (2006b) 

use of the triangular plot where he created three regions of Transmission, Discovery, and 

Connectionist. In Figure 6.5, I have recreated the triangular plot from Figure 6.1 for the three 

teachers in my study, with the addition of Swan’s (2006b) regions. 
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Figure 6.5 Belief about mathematics education with the addition of domain regions 

For Swan (2006b), the region the teacher’s plotted point falls into reveals the dominant 

belief category of the teacher. Drew falls in the Discovery region, Jo in the Transmission 

region, and Ronnie in the Connectionist region. 

Swan (2006b, p. 67) validated his belief model against interview comments made by 

teachers and found ‘consistencies’ between the dominant belief weighting given by teachers 

and their explanations for their different practices. In a similar fashion my data, shared in this 

chapter, can be used to affirm the dominant belief categories according to the teachers’ 
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descriptions. Drew did indeed make comments, prior to the RAM programme starting, that 

could be used to infer they are accurately described by the Discovery descriptor. Similarly, I 

have provided data that could be used to support the view Jo is accurately described using the 

Transmission descriptor, and Ronnie by the Connectionist descriptor. Not only do teachers’ 

comments before the RAM programme align with the dominant belief category, so too do 

comments made during the RAM programme. In paragraphs in this chapter under the 

headings of initial affirmation of dominant beliefs, participating teachers confirmed and 

justified the dominant weightings they had provided across all domains. Sub-sections 6.3.2, 

6.3.3,and 6.3.4, provide a record of how participants felt their dominant weightings in each of 

the domains making up the cluster of beliefs about mathematics education were accurate. It 

could be inferred that both within domains, and at the cluster level, the teachers saw the 

dominant belief categorisation as an accurate reflection of their views. 

However, categorising teachers according to their dominant belief category creates a 

potential issue when there is more than one dominant belief weighting. This would manifest as 

two or three domains with the same highest value, or where a teacher’s plotted point lay on 

the region boundaries of Figure 6.5. Although this was not an issue at the level of beliefs 

about mathematics education for the three teachers in my study, the situation did occur in 

Swan’s (2006a, 2006b) studies. In this approach to classification, the beliefs about 

mathematics education are understood as mutually exclusive. It makes little sense to suggest, 

for example, that a teacher believes mathematics is simultaneously discovered (Discovery) 

and created (Connectionist). Therefore, to resolve this issue, Swan (2006b, p. 64) ‘excluded 
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from this analysis’ any teacher that showed no overall belief preference. For example, Swan 

(2006a) excluded a teacher with weightings of 40%-40%-20% for Transmission-Discovery-

Connectionist respectively from his analysis since they could not be classified into a single 

belief category. The contradiction is therefore revealed, in that seeking to classify teachers 

according to their beliefs leads to some teachers being unclassified and excluded from the 

dataset. 

6.4.2 Understanding beliefs as a set of alternative weightings 

A potential solution to the problem of excluding teachers with no overall preference is 

to describe beliefs toward mathematics education using an ordered combination of weightings. 

So, for example, using the data from Table 6.2, Drew would be described as a teacher with a 

combination of Discovery (65%) Connectionist (23%) Transmission (12%) beliefs. On a 

triangular plot, acknowledging all three weightings promotes an understanding of a point as a 

position in three dimensions rather than focusing on the region it lays in. Drew’s dominant 

belief of Discovery is clear on Figure 6.5, and so too their proximity to the Connectionist 

region indicating a stronger weighting than the Transmission weighting. Similar 

interpretations can be made for both Jo and Ronnie and would mean no teacher is excluded 

from consideration. Furthermore, the data I provided in section 6.3, could be interpreted as 

indicating each teacher confirmed their beliefs to be more complex, and more nuanced than 

the simple descriptors of Table 7.1. 
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Alternative weightings as indicating the switching of beliefs 

Interpreting the meaning of an ordered set of beliefs remains problematic. Once again, 

if the three belief categories are considered mutually exclusive then it is difficult to conceive 

of how two contradictory beliefs can be held at the same time. Swan (2011, p. 60) offers a 

consideration of this when suggesting a teacher switches their beliefs ‘according to the values 

and purposes’ they apply to that lesson. In effect, it is suggested beliefs about mathematics 

education are turned on and off based on teacher circumstances. For instance, a teacher might 

hold Connectionist beliefs when working with a top set but switch to their Transmission 

beliefs when working with a bottom set. However, in my study the teachers made no 

indication they switched beliefs according to location or time. The mathematical ability of a 

class was never provided as a reason for teachers to switch beliefs, nor the age of the students, 

nor the location of the school. Similarly, within each domain the teachers recognised the 

interdependence of their dominant and non-dominant beliefs. In line with McGowan (2019), I 

suggest the idea of switching beliefs depending on circumstances allows contradiction to be 

disguised as difference. Instead, I interpret the three teachers as simultaneously holding 

interdependent beliefs about mathematics education.  

6.4.3 Understanding beliefs as interdependent 

I have argued that classifying teachers by their dominant belief is insufficient, and that 

an ordered set of alternative beliefs neither aligns with my data nor with my philosophical 

perspective. Therefore, I suggest contradiction can support an alternative interpretation that 

teachers’ beliefs about mathematics education are interdependent. Such an argument is 
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coherent with McGowan’s (2019) contradiction informed explanation of an identity statement. 

For McGowan (2019, p. 27), any attempt to describe an identity based on what they are 

‘always leads down the path of misidentification’. Instead, if contradiction is an ontological 

feature, then any statement must include both identity and non-identity since it is ‘dependent 

on what it negates’ (McGowan 2019, p. 27). Therefore, I suggest the teachers do not see 

themselves as holding one belief, or as switching beliefs, but as simultaneously holding beliefs 

that require each other. 

Interdependence within beliefs about mathematics 

In the domain of beliefs about mathematics each teacher recognised the 

interdependence of their dominant and non-dominant beliefs based on their views of national 

mathematics examinations. As shown in sub-section 6.3.2, Drew had a dominant belief of 

Discovery but used examinations to explain that school mathematics also required the 

application of rules. Jo, with a dominant belief of Transmission, used examinations to justify 

that school mathematics also required creation through problem solving. Finally, Ronnie, with 

a dominant belief of Connectionist, used examinations to justify that school mathematics also 

required procedures and routines. Each teachers’ words provided a sense of them recognising 

their dominant belief required their non-dominant beliefs for students to be successful in 

national exams. 
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Contradictions within beliefs about teaching mathematics 

Within the domain of teaching mathematics, irrespective of their dominant belief, each 

teacher confirmed interdependence with their non-dominant beliefs. There appeared to be 

some commonality in teachers’ reasons for this interdependence, with each teacher 

referencing the influence of the school enforced Task Ladder lesson structure. Indeed, each 

teacher gave their highest Transmission weighting in this domain compared to their other two 

domains. I interpret this as providing an indication that the school’s Task Ladder lesson 

structure had a significant effect in revealing the interdependence of beliefs about teaching 

mathematics. Both Drew and Ronnie spoke of how they had accepted teaching mathematics 

also required some degree of telling procedures to students by drawing on their teacher 

expertise. Even Jo, whose dominant Transmission belief aligned well with the school 

structure, used the Task Ladder to illustrate how they saw it as an insufficient model for 

teaching mathematics. Therefore, Jo argued whilst teaching mathematics does include 

demonstrating procedures, it should also lead to problem solving. Collectively the Task 

Ladder structure revealed the interdependence of each teacher’s dominant belief about 

teaching mathematics with their non-dominant beliefs. 

Contradictions within beliefs about learning mathematics 

In the domain of learning mathematics, the three teachers confirmed the 

interdependence of their dominant and non-dominant beliefs by referring to previous 

experiences in the classroom. Drew argued their personal classroom experiences led them to 
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see Discovery beliefs as stemming from Transmission beliefs around students listening to an 

explanation of procedures. Jo, with a dominant Transmission weighting, believed students 

learnt through rehearsing given methods, which would lead to students developing their own 

methods. Similarly, Ronnie revealed interdependence when suggesting learning took place 

through discussion which has been founded on students rehearsing given methods. I interpret 

all three teachers as revealing their classroom experiences had revealed the interdependence of 

their dominant and non-dominant beliefs.  

6.5 Implications of this theme 

I have argued teachers’ beliefs about mathematics education, as revealed in the RAM 

programme, can be interpreted as being interdependent. Hence, the three weightings for 

Transmission, Discovery and Connectionist should be read as an acknowledgement of 

simultaneous interdependence of beliefs. In addition, I suggest the particular examples of this 

study could provide insight into the universal categories of beliefs about mathematics 

education. Drew, Jo and Ronnie, as particular examples of different dominant beliefs, indicate 

something about the universal belief categories of Discovery, Transmission and Connectionist 

respectively. I suggest my results provide an indication that a belief category is inherently 

contradictory since it ‘is also what it is not and has its identity in what negates it’ (McGowan 

2019, p. 85). My theoretical perspective suggests this logic is appropriate, and I interpret the 

data as confirming the potential for this interpretation. External influences (which in this study 

were national examinations, lesson structures, and personal experiences) reveal the existence 

of inherent contradiction in the belief categories. The belief categories of Transmission, 
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Discovery and Connectionist can only be understood in relation to their interdependence on 

one another. 

In Chapter 3 section 3.3, I suggested professional development founded in a dualist 

approach is characterised by conformity (Strom and Viesca 2021). I also inferred Swan’s 

approach to professional development as aligning more closely with an underpinning 

perspective of multiplicity, characterised by difference. Therefore, I understand Swan as 

creating a model of beliefs about mathematics education that aligned with his approach to 

professional development of seeking to support teachers develop other teaching approaches. 

However, for me both dualism and multiplicity as underpinning philosophies risk leading to 

teachers feeling pedagogically confused, disappointed in the compromises they make to their 

beliefs, and angry at the practices they have been encouraged to adopt (Woodford, Clapham 

and Serret 2023). Therefore, I suggested mathematics Dialectic Professional Development 

(DPD) should be characterised by the formation of beliefs through an understanding of 

contradiction. Hence, the model of beliefs about mathematics education I have suggested is 

not intended to facilitate the measurement of belief change. Instead, my model of beliefs can 

be used within a professional development programme to contribute to the formation of 

beliefs about mathematics education. I envision the model as being used to help reveal the 

interdependence of the different beliefs categories, rather than portray them as in conflict with 

one another. By recognising contradiction in the form of interdependence I argue the risks of 

confusion, disappointment and anger for teachers is mitigated. Hence, the reflection element 
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of mathematics DPD, which contributes to the formation of beliefs, should include 

opportunities for participants to reflect on the revelation of belief interdependence. 

6.6 Summary of Chapter 6 

In this chapter I provided results and discussion to support my first theme of beliefs are 

interdependent, developed in response to my research question. Beginning with Swan’s 

(2006a, 2006b) original model of beliefs about mathematics education I have confirmed how 

the data in this study supports his work. Teachers participating in the RAM programme 

confirmed in interview the reasonableness of the dominant belief categories assigned to them. 

However, through a form of dialectic reasoning I have argued Swan’s system potentially leads 

to the exclusion of teachers with multiple dominant beliefs. One solution to this contradiction 

is to suggest teachers switch their dominant belief depending on their circumstances. 

However, I do not interpret the data in this study as supporting this approach. Instead, through 

a lens of contradiction, participating teachers revealed they hold interdependent beliefs. 

Therefore, I suggest Swan’s model can be understood as providing an indication of a teacher’s 

view of belief interdependence. Moreover, this description of interdependent beliefs is 

understood as being simultaneous, rather than as indicating the existence of belief switching. 

I concluded the chapter by suggesting the particular instances of the three participating 

teachers may suggest something about the universal categories of Transmission, Discovery 

and Connectionist. The participating teachers explained how the national exam system, the 

school enforced lesson structure, and their personal classroom experiences revealed the 
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interdependence of beliefs in my study of the RAM programme. I interpret this as a potential 

indicator of the validity of the philosophical perspective of contradiction I have adopted. My 

theory suggests beliefs about mathematics education could be interpreted as also including 

that which negates them. Therefore, I suggest a contradiction informed understanding of 

beliefs is compatible with the purpose of mathematics DPD. Furthermore, it suggests an 

important component of mathematics DPD should be the examination of interdependence in 

personal beliefs about mathematics education. 
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Chapter 7. 

Analysis of theme 2: moments of variation are acts of self-sabotage  

7.1 Synopsis of Chapter 7 

In Chapter 6, I suggested data within my study could be used to support the 

interpretation that beliefs about mathematics education are interdependent. In this chapter, I 

suggest a second way in which contradiction can support an interpretation of events in the 

Rethinking Approaches in Mathematics (RAM) programme. Under the theme title of moments 

of variation are acts of self-sabotage, I provide results around teachers’ actions in the 

potential moments of variation described in Chapter 4. The teachers’ actions were anticipated 

as occurring in designed opportunities for challenge, in opportunities to make planned changes 

to the research lesson plan, and during unplanned changes made to the live research lesson. I 

interpret the teachers’ actions in line with McGowan’s (2019) explanation of the divided self 

as discussed in Chapter 3. Through my interpretation, I suggest some teacher actions can be 

understood as moments of self-sabotage, suggesting their satisfaction is not found in 

eliminating contradiction. This ultimately leads to my claim that teachers find satisfaction in 

the experience of a professional development programme, rather than in achieving a particular 

style of teaching. 

7.2 Introduction 

In Chapter 4, I detailed the design of my RAM programme with the intention of 

exemplifying mathematics Dialectic Professional Development (DPD). I identified where I 
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designed for potential moments of variation within the programme in the form of 

opportunities for challenge, opportunities for planned changes, and opportunities for 

unplanned changes. A summary of the activities, taken from Chapter 4, which were designed 

as potential moments of variation is shown in Table 7.1. 

RAM session Teacher actions as potential moment of variation 

1 Reactions to individual solving of the mathematical problem 
1 Reactions to small group explanations of methods 
1 Reactions to whole group discussion of strategies 
2 Reactions to Teaching Through Problem-solving style lessons 
2 Planned changes made to the research lesson plan 
3 Unplanned changes made to the live research lesson 

Table 7.1 Potential moments of variation in the RAM sessions 

The teacher actions shown in Table 7.1 offer potential moments of variation which I 

sought to take notice of when analysing the teachers’ comments and completed documents. 

The codes which subsequently contributed to the theme title of moments of variation are acts 

of self-sabotage are shown in Table 7.2.
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Codes 

My development as a teacher 
Positive features of professional development 
Negative features of professional development 
Negative reaction to an element of the PD 
Planned changes to the research lesson plan 
In line with original research lesson plan 
Unplanned changes to the live research lesson 
In line with own research lesson plan 

Table 7.2 The codes that contributed to the second theme 

To structure this chapter, I first share results in terms of teachers’ conscious desires 

around professional learning, before discussing my interpretation of unconscious actions, 

taking place in moments of variation, are acts of self-sabotage.  

7.3 Results supporting the theme of moments of variation are acts of self-sabotage 

Throughout my sharing of results in this section I provide headings which refer to 

teachers’ conscious desires and unconscious actions. In doing this I am indicating the analytic 

interpretation I take in my discussion and providing an initial ‘interpretive account’ (Braun 

and Clarke 2021b, p. 132) of the data. Hence, my use of the language of conscious and 

unconscious signifies my intent to draw on McGowan’s (2019) thinking around the divided 

self, introduced in chapter 3. In summary, in my discussion I use the data to suggest teachers 

unconsciously seek to ‘avoid eliminating contradictions in order to continue to draw 

satisfaction from them’ (McGowan 2019, p. 53). Therefore, potential moments of variation 
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will be interpreted as actual when I see a teacher’s unconscious actions conflicting with their 

conscious desires around professional learning. 

7.3.1 Teachers’ professional learning desires 

Following the RAM introductory session, I asked Drew, Jo and Ronnie to describe 

their hopes for the RAM programme, their previous experiences of professional development 

programmes, and how they wanted to develop as mathematics teachers. Their answers during 

this discussion are recorded in the documents Interview 0 [name] and are broadly structured 

here in relation to their views around mathematics, around teaching mathematics, and around 

learning mathematics. 

Drew’s conscious desires around professional learning 

Drew, as the head of department, revealed some of their conscious desires through 

how they wanted other teachers to develop. For instance, Drew (Interview 0 [Drew], 

00:00:46) identified a desire to develop colleague’s abilities to assess student progress in 

lessons and move away from “cursory AfL [Assessment for Learning]”. Drew believed this 

would be possible if teachers saw the importance of a thorough understanding of the 

mathematics involved. However, Drew worried many of the members of the department 

lacked mathematical confidence and it would be hard to “change the dynamic” (Interview 0 

[Drew], 00:05:36) when seeking to help them “find their voice” (Interview 0 [Drew], 

00:05:36). Regarding their own teaching, Drew felt they were “in a rut” (Interview 0 [Drew], 

00:05:32) and had become reliant on the Task Ladder lesson structure. Drew expressed a 
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desire to develop problem-solving style lessons that would “make a difference in the 

classroom” (Interview 0 [Drew], 00:05:32). Furthermore, by adopting a different lesson 

approach, Drew (Interview 0 [Drew], 00:05:32) hoped students would begin to take 

responsibility to “understand the maths” and not just “go through the motions of answering 

questions”. 

Jo’s conscious desires around professional learning 

When asked to describe how they wished to develop as a teacher, Jo expressed a desire 

to trial problem solving strategies in lessons. Jo (Interview 0 [Jo], 00:11:24) recognised they 

sometimes had low “confidence in maths” and hoped the RAM programme would help 

improve “what I do in the classroom”. Developing thoughts around teaching approaches, Jo 

(Interview 0 [Jo], 00:10:38) mentioned feedback from a recent lesson observation had left 

them “frustrated” and “angry”. The feedback, in which Jo had attempted to follow the Task 

Ladder lesson structure, critiqued the lesson as being “all driven by me” (Interview 0 [Jo], 

00:12:15). Following the feedback Jo had arranged to watch an art lesson and spoke of this as 

a positive experience. In contrast to teacher-led learning, Jo (Interview 0 [Jo], 00:13:01) spoke 

admiringly of how the art teacher was able to calmly listen to student ideas and “bring 

everything together”. Finally, in relation to student learning Jo (Interview 0 [Jo], 00:10:38) 

commented how the lesson feedback they had received noted “students were busy” working, 

but also suggested students did not really understand the mathematics. Whilst Jo (Interview 0 

[Jo], 00:10:38) felt “talked down to” during the feedback, they acknowledged their hope that 
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they could explore helping students take responsibility for their thinking during the RAM 

programme. 

Ronnie’s conscious desires around professional learning 

In interview, Ronnie (Interview 0 [Ronnie], 00:11:29) expressed very general 

professional learning desire of having “someone to tell me how to improve”. Ronnie 

(Interview 0 [Ronnie], 00:11:29) recognised this request may sound “arrogant”, but claimed to 

be “looking for one thing that will change what I do”. According to Ronnie, (Interview 0 

[Ronnie], 00:11:29), “no one has ever shown me anything better” and “what I do is better”. 

Ronnie recounted the only time they had changed their teaching approach was when the 

school leadership team enforced the use of the Teaching Ladder lesson structure. Ronnie 

(Interview 0 [Ronnie], 00:21:17) acknowledged the Task Ladder lesson structure meant 

lessons had developed to have greater emphasis on students “completing work” rather than 

understanding the mathematics. Ronnie (Interview 0 [Ronnie], 00:21:17) reflected, “they’ve 

managed to change my practice here, but only through policy and mandating things”. In this 

interview, Ronnie made little comment about how they hoped the RAM programme would 

develop personal views around student learning. However, Ronnie did recognise being the 

dominant character in the classroom who did most of the talking. Drawing on a later 

interview, Ronnie (Interview 3 [Ronnie], 00:00:18) explained that student learning through 

discussion was important “because that’s how I learnt at school”. Similarly, Ronnie (Interview 

2 [Ronnie], 00:07:51) revealed a desire to model mathematical discussion to students by 
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explaining, “am I actively teaching them [students] how to talk to each other about their 

maths? Yes, I'm modelling it I would have said”. 

7.3.2 Potential moments of variation from RAM session 1 

I now move on in this sub-section to describe some of the actions which took place in 

the potential moments of variation of RAM session 1. RAM session 1 involved participants 

working individually, in small groups, and as a whole group with the intention of gaining a 

deep understanding of the mathematical problem from the research lesson and reflecting on 

beliefs about mathematics. Data is taken from the documents Problem [name] and from 

comments recorded in Interview 1 [name]. 

Reactions to individual solving of the mathematical problem 

During RAM session 1, each of the participating teachers attempted to solve the main 

mathematical problem of the research lesson shown in Figure 4.2. I asked participants to work 

individually and to record as many different methods as they could in eight minutes. Their 

methods provide a foundation for understanding the rest of the session and contribute to 

understanding my interpretation of moments of variation. Drew found six correct methods 

which are shown in Table 7.3, Jo attempted two methods which are shown in Table 7.4, and 

Ronnie attempted five methods which are shown in Table 7.5. The images are taken from the 

documents Problem [name] and are grouped into tables according to the four anticipated 

strategies discussed in Chapter 4. Therefore, the order they appear in the tables does not 

necessarily correspond with the order in which they occurred to Drew, Jo, and Ronnie.



 

231 
 

Strategy Drew’s methods 

 A: Adding a parallel 
line 

  
B: Adding a 
perpendicular line 

 
C: Adding a line 
connecting two points 

 
 
 
 

D: Adding an extended 
line 

 

Table 7.3 Drew’s six methods for solving the geometry problem (Problem [Drew])
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Strategy Jo’s methods 

 A: Adding a parallel 
line 

  
B: Adding a 
perpendicular line 

 
 
 
 

C: Adding a line 
connecting two points 

 
D: Adding an extended 
line 

 
 
 
 

Table 7.4 Jo’s two methods for solving the geometry problem (Problem [Jo])
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Strategy Ronnie’s methods 

 A: Adding a parallel 
line 

 
B: Adding a 
perpendicular line 

 
C: Adding a line 
connecting two points 

 
D: Adding an extended 
line 

 

Table 7.5 Ronnie’s five methods for solving the geometry problem (Problem [Ronnie])
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Looking at Tables 7.3 and 7.5, I suggest Drew and Ronnie found the task of finding 

multiple methods relatively straightforward with six methods and five methods respectively. 

To support this perspective, both teachers confirmed they found it an enjoyable activity 

stating: 

You just gave me a load of sheets of paper with a problem on it, and go mental, 
you know, and I like that. (Interview 1 [Drew], 00:21:17). 

I just, I really liked it. It was the kind of thing where I could just kind of have a 
go at it and just get into it (Interview 1 [Ronnie], 00:19:32). 

However, Jo found the task quite uncomfortable and only managed one correct method 

in the time limit. During interview Jo volunteered an explanation for why, two minutes into 

the individual problem-solving activity, they walked over to Ronnie to discuss the problem. Jo 

explained feeling “a bit panicked, you know, because everyone else seemed to know what to 

do” (Interview 1 [Jo], 00:01:31). Reflecting further on the incident, Jo (Interview 1 [Jo], 

00:00:55) stated “I'm a bit of a hypocrite” for not writing down my ideas since this is what is 

expected of students in a classroom. Jo summed up the difficulties they had in finding 

different methods by explaining, “I’ve never been shown how to do a problem like that 

before” (Interview 1 [Jo], 00:01:31). After returning to their seat, Jo wrote down a correct 

method, shown in Figure 7.4 strategy A, though it is unclear whether Jo thought of this 

method or copied it from Ronnie (compare with Figure 7.5 strategy A). 
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Reactions to small group explanations of methods 

During the small group phase of RAM session 1, the three teachers Drew, Jo and 

Ronnie, worked together to discuss different methods. In interview all three teachers referred 

to an extended discussion they had around method C (adding a line connecting two points). 

Both Jo (Table 7.4) and Ronnie (Table 7.5) appeared to have held the mistaken assumption 

that a 90° angle had been created between the auxiliary line and the parallel lines. Indeed, in 

interview, Jo (Interview 1 [Jo], 00:02:48) explained “it [the angle] looked like 90°” and “you 

get the right answer”. Through interview comments it was clear Drew assumed responsibility 

for explaining the misconception to the other two teachers, and for providing a correct 

explanation. Drew shared their enjoyment of working through the method with the other 

teachers by saying “if I know that it is possible to get somewhere, I know that using algebra 

will probably get me somewhere eventually” (Interview 1 [Drew], 00:02:27). 

In contrast, Ronnie recounted “Drew took over a bit” (Interview 1 [Ronnie], 00:01:11) 

in explaining how an algebraic approach was required to achieve the correct answer. Ronnie 

(Interview 1 [Ronnie], 00:01:11) went on to describe Drew’s method as a “stupidly long 

solution method that doesn't need to be done”. Rather than see the links between areas of 

mathematics, Ronnie placed an emphasis on functionality and efficiency and concluded “solve 

it simultaneously, why?” (Interview 1 [Ronnie], 00:01:11). Jo also referred to the small group 

discussion around method C and confessed “I still don’t really understand why we can’t 

assume that they're equal angles because you get the right answer” (Interview 1 [Jo], 

00:07:32). The incident left Jo feeling inferior to the other two teachers stating: 
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being the, maybe, the junior member […] the older person [Ronnie] has 
obviously been teaching for a lot longer, and Drew is a much more capable 
mathematician than myself, and I'm okay with that. As I think maybe 
sometimes my opinions are somewhat less valid in their eyes (Interview 1 [Jo], 
00:07:32). 

For Jo, despite feeling intimidated during this small group discussion, they still 

referred to the stage as being instrumental in making them think. Jo (Interview 1 [Jo], 

00:11:28) explained “working with Ronnie and Drew really showed me that you need 

confidence to find different ways”. Jo (Interview 1 [Jo], 00:11:28) went on to state “I think the 

session showed the core is the rules, and but yeah, like I think maybe I opened my eyes up to 

it being more about how you apply those rules as well”. 

Reactions to whole group discussion of strategies 

In interview only Drew and Ronnie referred to the whole group discussion of strategies 

in the RAM session. During this stage I facilitated a discussion which led to the classification 

of methods based on the nature of the auxiliary line. Ronnie did not like the suggested 

classification during the RAM session and later stated in interview “I still don’t agree with the 

classification you came up with” (Interview 1 [Ronnie], 00:15:23). In the session, Ronnie had 

argued for a different classification based on the shapes that were created when an auxiliary 

line was added. So, according to Ronnie (Interview 1 [Ronnie], 00:15:23), the categories 

would include “create a pentagon or a quadrilateral” since “I think that’s what the kids would 

spot, rather than what line has been added” (Interview 1 [Ronnie], 00:15:23). Ronnie 

explained this approach would place an emphasis on “areas not lengths” (Interview 1 

[Ronnie], 00:15:43). Reflecting on the whole session, Ronnie (Interview 1 [Ronnie], 00:28:41) 
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admitted it had been “very interesting for me”, but was “absolutely useless for the classroom”. 

When asked to expand on this, Ronnie suggested it would not be a practical classroom activity 

due to the “time constraints” of looking at so many different methods. Ronnie (Interview 1 

[Ronnie], 00:28:50) further supported this by suggesting students “don't have my fluency” and 

“are not capable of finding all the solutions”. When asked if finding all the solutions was 

important and whether that was what the students needed, Ronnie [Interview 1 [Ronnie], 

00:30:02] stated, “yes, ultimately”. 

Drew also mentioned the whole group discussion in interview as being where they 

developed a deeper understanding of the problem. As Drew (Interview 1 [Drew], 00:11:27) 

explained, “it was nice to argue about the classifications. That was the first part of the session 

where I saw something I didn’t already know”. Drew (Interview 1[Drew], 00:11:51) 

concluded this is “what I really liked”, since “it was about the family of, of putting things into 

groups and sets. That’s what is really important, for me”. Drew also revealed a Connectionist 

influenced belief in noticing my facilitation of the stage brought out connections: 

the important bit was your facilitation. It was only when we classified the 
methods using your classification that I really felt I had a proper understanding 
of the problem […] ultimately, ultimately you knew where, what you wanted 
us to get from it” (Interview 1 [Drew], 00:22:43). 

7.3.3 Potential moments of variation from RAM session 2 

In RAM session 2, teachers were introduced to the Teaching Through Problem-solving 

(TTP) style lesson, shown the research lesson plan, and considered beliefs about teaching 
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mathematics. Here I share some details around the potential moments of variation which took 

place in reaction to the TTP introduction, and as planned changes to the research lesson plan. 

Data for this section is taken from the documents Lesson Plan [name] and Interview 2 [name]. 

Reaction to Teaching Through Problem-solving style lessons  

At the start of RAM session 2, I provided a brief overview of some of the features of 

TTP style lessons including an explanation of the claimed benefits, and an overview of the 

five phases. I shared Takahashi’s (2021) claim that TTP style lessons contributed to Japanese 

children having the confidence to tackle unfamiliar problems even though they may not have 

covered the required mathematical content. Drew appeared convinced, stating “that approach 

to teaching works” (Interview 2 [Drew], 00:14:27). Similarly, Jo (Interview 2 [ Jo], 00:02:21) 

could see the style of lesson “where we do more problem solving might be beneficial” for 

students. In contrast, Ronnie came across much more cautious about the claims, since “it 

measures one thing in a sea of variables” (Interview 2 [Ronnie], 00:14:02). Echoing a 

comment made in the session, Ronnie (Interview 2 [Ronnie], 00:14:02) suggested other 

statistics should also be considered such as “suicide rates in young people” before any 

conclusion could be made about benefits. 
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Planned changes to the research lesson plan 

Following an overview of the lesson, the three teachers worked together in a small 

group to discuss the research lesson plan. Drew, Jo and Ronnie were asked to discuss the 

rationale behind the actions and individually affirm whether they would adopt or adapt the 

suggestions made in the research lesson plan. Participants responded to the questions on the 

research lesson plan which were summarised in Table 4.8. As part of the introduction to the 

session, participants were encouraged to adopt actions where possible and asked to write any 

intended adaptations onto the research lesson plan if necessary. I summarise Drew, Jo, and 

Ronnie’s thinking around the research lesson plan in Tables 7.6, 7.7 and 7.8 respectively. 

These tables are structured by lesson phase and indicate where teachers either committed to 

adopt the actions or suggested a planned adjustment. In addition, in Figures 7.1 and 7.2, I 

show the starter questions which Drew and Ronnie designed for their research lesson (taken 

from Interview 3 [name]). Drew planned to teach the research lesson to a high attaining Year 

9 class, Jo to a low attaining year 9 class, and Drew to a high attaining Year 10 class. In short, 

I suggest Drew committed to remain closest to the original research lesson plan, followed by 

Ronnie, and then Jo.
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Phase Phase title Drew’s intentions 

1 Review 
previous 
learning 

Planned adjustment to give students review questions in order to align with “the Task Ladder 
structure” (Interview 2 [Drew], 00:16:15). A copy of the two questions Drew created, and used, are 
shown in Figure 7.1 (Interview 3 [Drew]), and require students to create chains of reasoning to solve 
the questions. 

2 Pose a new 
problem 

Committed to construct the problem ‘quickly and accurately’ (Lesson Plan [Drew]) with the students 
despite ‘potential question over time’. This decision was made since, “that’s what really gives insight 
into the problem” (Interview 2 [Drew], 00:16:55) and that it would help students understand that the 
two points “A and B are not opposite” (Interview 2 [Drew], 00:16:55). 

3 Individual 
student problem 
solving 

Committed to 10 minutes of individual student problem solving whilst recording students’ methods 
to help plan the next phase.  

4 Teacher led 
comparison and 
discussion 

Committed to this phase, with the intention of putting the problem “up onto big pieces of paper” 
(Interview 2 [Drew], 00:18:20) for students to write on. 
Planned adjustment in not considering an ideal order of solutions in advance since, “I’m not really 
sure what methods the students will use” (Interview 2 [Drew], 00:15:24). Instead, Drew decided 
knowing potential methods in advance would mean “I can just use them if they come up” (Interview 2 
[Drew], 00:15:24). 

5 Highlight key 
concepts 

Committed to placing a focus on classifying methods so students could see there are “four methods, 
and within those methods there are lots of, like, variations” (Interview 2 [Drew], 00:19:48. 

Table 7.6 Summary of Drew’s response to the research lesson plan
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Phase Phase title Jo’s intentions 

1 Review previous 
learning 

Planned adjustment to ask students to complete review questions “so then you know they can do the 
next part of the lesson” (Interview 2 [Jo], 00:05:41). There is no copy of the questions, but Jo (Interview 
3 [Jo], 00:19:30) later described them as “a recall starter” including “a pentagon, an octagon, a straight 
line, and three sets of parallel lines, you know for interior, corresponding and alternate”.  

2 Pose a new 
problem 

Committed to drawing an accurate diagram in front of the students but saw this as a behaviour 
management technique to ensure students are “paying attention to what's going on and listening to what 
you're saying” (Interview 2 [Jo], 00:18:52). 

3 Individual 
student problem 
solving 

Planned adjustment to ‘give out prompt cards’ (Lesson Pan [Jo]) since students “might just want to sit 
there” (Interview 2 [Jo], 00:06:28). Jo felt prompt cards, such as the ones used in RAM session 1, would 
help since “it doesn't tell them the answer. It doesn't even tell them necessarily how to find the answer. It 
just shows them the start of the method” (Interview 2 [Jo], 00:07:02). 

4 Teacher led 
comparison and 
discussion 

Planned adjustment of not bringing the class together to discuss the different methods since there 
would be more value if the students “work in their small groups” (Interview 2 [Jo], 00:23:37) to discuss 
prompt cards with additional group support from the teacher. 

5 Highlight key 
concepts 

Planned adjustment of not to grouping strategies since students will “just start messing around” 
(Interview 2 [Jo], 00:24:39). Instead, Jo planned to ask students to think “about how you start these sorts 
of problems” (Interview 2 [Jo], 00:24:39). During this phase students would be expected to do ‘pens 
down listening’(Lesson Plan [Jo]), where there would be ‘no key steps or rules to copy, just 
ideas’(Lesson Plan [Jo]. 

Table 7.7 Summary of Jo’s response to the research lesson plan 
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Phase Phase title Ronnie’s intentions 

1 Review previous 
learning 

Planned adjustment to provide simple review questions. A copy of the nine questions Ronnie designed, 
and used, are shown in Figure 7.2 (Interview 3 [Ronnie]) and illustrate a comprehensive coverage of 
previous learning. 

2 Pose a new 
problem 

Planned adjustment of asking students to make a ‘sketch – not accurate’ (Lesson Plan [Ronnie]) of the 
problem since “what’s the point?” (Interview 2 [Ronnie], 00:16:00).  
Ronnie further suggested a planned adjustment of handing out copies of the problem so that students 
could get “onto the problem solving as quickly as you can” (Interview 2 [Ronnie], 00:16:00). 

3 Individual 
student problem 
solving 

Committed to10 minutes of individual student problem solving whilst recording students’ methods to 
help plan the next phase. 

4 Teacher led 
comparison and 
discussion 

Planned adjustment of not considering the ideal order of methods to be looked at, preferring instead to 
react to student ideas, since “I know the four different methods the students use, so I can just riff off 
that” (Interview 2 [Ronnie], 00:16:40). 

5 Highlight key 
concepts 

No sign of adjustment or commitment, but Ronnie doubtful of the value of this phase. Instead, Ronnie 
(Interview 2 [Ronnie], 00:17:22) suggested it is more important students “take some level of 
responsibility in learning”.  

Table 7.8 Summary of Ronnie’s response to the research lesson plan 
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Figure 7.1 Research lesson starter questions created by Drew (Interview 3 [Drew]) 

 

Figure 7.2 Research lesson starter questions created by Ronnie (Interview 3 [Ronnie]) 
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7.3.4 Potential moments of variation from RAM session 3 

In the third RAM session, participants were asked to discuss their taught research 

lessons and to reflect on beliefs about learning mathematics. In this sub-section, I share Drew, 

Jo and Ronnie’s reflections with a focus on the unplanned changes to their taught research 

lessons which they revealed. Data used in this section is taken from the documents Lesson 

Reflection [name] and Interview 3 [name]. 

Drew’s unplanned changes to the live research lesson  

According to Drew the adjusted lesson plan they created, and summarised in Table 

7.6, was followed quite closely in the live research lesson. This included the original design 

intention of giving students ten minutes of individual problem solving, and Drew’s planned 

adjustment of providing starter questions. Drew explained the starter questions shown in 

Figure 7.1 were created as the “the first step of recall information” (Interview 3 [Drew], 

00:09:46) from the Task Ladder lesson structure. Drew (Interview 3 [Drew], 00:17:32) 

explained, “I think I've switched so much into settler tasks as part of the recall starter now 

because it's part of the school structure”. In addition to creating a calm classroom 

environment, Drew felt the two questions had “all the key, kind of, important maths facts are 

all in there” (Interview 3 [Drew], 00:11:01).  

Drew spoke of an unplanned change to the teaching of the research lesson that took 

place during the phase of pose a new problem. As seen in Table 7.6, Drew had committed to 

constructing accurate copies of the geometry problem alongside the students. Instead, Drew 
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explained how during the lesson they made an unplanned change of simply asking students to 

sketch a copy of the projected diagram (Lesson Reflection [Drew]) on their own. Drew 

(Interview 3 [Drew], 00:14:49) reflected on this decision by acknowledging “I should have 

constructed the problem carefully” with the students since that was “the most important bit”. 

From both RAM session 1, and the commitment shown in Table 7.5, I infer Drew had a good 

understanding that constructing the problem would allow students to understand points A and 

B (see Figure 4.2) are not vertically opposite. However, Drew identified a concern over lesson 

timing meant an adjustment was made which resulted in students creating “some really 

confusing diagrams” (Interview 3 [Drew], 00:14:49). 

A second unplanned, or perhaps unanticipated, change can be inferred when Drew 

spoke of how they had to “shut up, and not lead people” (Interview 3 [Drew], 00:15:42) 

during the lesson. This led Drew (Interview 3 [Drew], 00:16:11) to further reflect “it’s going 

to sound arrogant, but when I talk people listen. And you can abuse that”. Drew suggested this 

attitude had developed in them through messages from the school leadership team around use 

of the Task Ladder to control behaviour: 

You’re put in the position and told this is your room, this is yours, everything 
you’re told is this is your classroom act like it’s yours and own it. It’s very self-
centred (Interview 3 [Drew], 00:16:11). 

Drew concluded the lesson had “made me question so much of what I do and know as 

a teacher” (Interview 3 [Drew], 00:15:45). Expanding on this Drew (Interview 3 [Drew], 

00:17:32) explained “we get into habits, I guess, or routines” and the research lesson 
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highlighted the value of “doing things a bit different”. Finally, reflecting on students’ 

difficulties during the individual problem-solving phase, Drew reflected “I’ve really wobbled. 

I’m like, have I just been leading them the whole way, have I just been leading and they [the 

students] follow the whole time?” (Interview 3 [Drew], 00:16:11). 

Jo’s unplanned changes to the live research lesson 

As per their intended adjustment, Jo used a set of recall starter questions in their 

research lesson, and in interview revealed how this led to an unplanned change. Jo explained 

that another question was added after seeing students have difficulties solving the original set 

of starter questions. This question was taken from “the extension ones you had in the lesson 

plan” (Interview 3 [Jo], 00:05:54). A copy of the question is shown in Figure 7.3, and other 

than which angle is given at point A, is virtually identical to the main problem being used in 

the research lesson. Jo (Interview 3 [Jo], 00:05:54) explained how the problem was adjusted to 

make it “goal free”, by asking students “to find any angle rather than the specific angle x”. Jo 

continued by explaining how they orchestrated a whole class discussion to solve this problem, 

in order to illustrate to students it is possible to find many angles, which in turn help you to 

work out more angles.  
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Figure 7.3 Jo’s additional starter question taken from the original RAM research lesson plan 

A second unplanned adjustment occurred as Jo (Interview 3 [Jo], 00:11:21) reacted to 

students being very vocal about how “they didn't know what they're going to do” when the 

problem was introduced. Although this had been anticipated (see Table 7.7), Jo ended up 

shortening the individual problem-solving phase to “seven and a half minutes of sort of 

silence” (Interview 3 [Jo], 00:11:21). Commenting on this experience, Jo reflected, “my main 

observation, main observation, is they didn't quite have the confidence or the resilience to take 

that first step” (Interview 3 [Jo], 00:04:57) and “they just didn't have that sort of confidence to 

make a mistake” (Interview 3 [Jo], 00:07:09). However, I did not see Jo as trying to blame the 

students, but admitting some level of responsibility since, “I'm a bit, I'm a bit upset for them 

that they weren't confident enough, but I understand why, because it's first time doing 

something like that” (Interview 3 [Jo], 00:08:59). Jo felt their planned adjustment, shown in 
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Table 7.7, of handing out prompt cards at this point provided students with something else to 

discuss rather than focusing on being unable to access the problem (Lesson Reflection [Jo]).  

Finally, Jo revealed another unplanned adjustment had been made when they taught 

some of the important concepts in the lesson prior to the research lesson taking place. Jo 

explained this had been done to try and ensure the students would be successful in the 

research lesson and felt that the students had “smashed it” (Interview 3 [Jo], 00:20:58). This 

appeared to heighten the sense of disappointment Jo felt with how difficult the students found 

the research lesson. Jo reflected, “part of it might be forgetting it, and then part of it might be, 

not, be that they had never really understood it in the first place” (Interview 3 [Jo], 00:21:19). 

However, the experience had made Jo think about learning mathematics suggesting, “I like 

definitely the element of having the just work on one big problem. I like that a lot” (Interview 

3 [Jo], 00:18:00). When asked to explain why, Jo expanded that a single problem “meant the 

students kept building their understanding without having to worry about the right answer. 

That really made a difference I think” (Interview 3 [Jo], 00:18:10). 

Ronnie’s unplanned changes to the live research lesson 

Following the planned change of the starter questions shown in Figure 7.2, Ronnie 

discussed an unplanned adjustment was made to the individual problem-solving phase. Whilst 

students engaged in individual problem solving, Ronnie had committed to noting down 

different solution methods attempted by the class (see Table 7.8). However, Ronnie admitted 

‘I didn’t make notes’ (Lesson Reflection [Ronnie]) because “I think it looks weird and 
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officious. It didn't really matter to me who was doing what. They were all doing something 

and that’s what mattered” (Interview 3 [Ronnie], 00:14:39).  

Ronnie’s unplanned change led to further unplanned changes as Ronnie sought to 

direct the teacher led comparison and discussion phase. With no record of student methods, 

Ronnie decided to randomly ask students for their methods and unfortunately picked a student 

with a difficult to comprehend method. After initially floundering, Ronnie received help from 

another student in the class to explain the thinking and confessed “it was a fluke that the 

student put her hand up. And I think if, if she hadn't put her hand up, I’d have been a bit 

stuffed” (Interview 3 [Ronnie], 00:16:00). Ronnie admitted at this point in the research lesson 

“I was panicking on my feet” (Interview 3 [Ronnie], 00:16:00) and that “maybe [I] should 

have got more out of it [the teacher led comparison and discussion phase]” (Interview 3 

[Ronnie], 00:20:12). This uncomfortable experience led Ronnie to make a connection to 

looking at the students’ work during the individual problem-solving phase, and reflected: 

so maybe I can see why, this is why the Japanese say to walk around clocking 
the methods. So that you actually orchestrate only the ones you want. Okay, I 
can see it” (Interview 3 [Ronnie], 00:16:00). 

For the phase of highlighting the key concepts, Ronnie had expressed doubt around the 

value to students (see Table 7.8). When asked about this phase, Ronnie admitted to a final 

unplanned change during the lesson as they thought “is it worth me getting, starting this, going 

down that road, or is it worth me just going, stuff it we're done?” (Interview 3 [Ronnie], 

00:21:05). However, in interview Ronnie acknowledged their actions as the teacher had an 
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impact on the learning of the students and suggested “we could have got to the grouping of 

methods if I’d planned that a bit better” (Interview 3 [Ronnie], 00:21:05). Ronnie linked all 

this back to the individual problem-solving phase and concluded, “I can see that knowing 

what the kids have done better would mean I can bring out the key points better” (Interview 3 

[Ronnie], 00:21:05). 

7.4 Discussion around the theme of moments of variation are acts of self-sabotage 

In my discussion of this theme, I utilise McGowan’s (2019) explanation of the divided 

self, where an individual is considered as having an unconscious acting against their 

conscious. Therefore, I interpret unconscious actions as acts of self-sabotage which undermine 

the individuals’ conscious desires (McGowan 2019). Throughout this discussion I utilise the 

generalised structure of McGowan’s (2019) explanation of the divided self which I introduced 

in sub-section 3.8.2. Hence, I identify the contradiction between A and B which an individual 

seeks to resolve through participation in C. I then interpret an individuals’ conflicting actions 

as suggesting a desire to maintain the contradiction between A and B, and consequently offer 

the suggestion that satisfaction is found in C. Throughout this discussion, I consistently 

suggest C is understood as participation in the RAM programme and return to discuss this in 

section 7.5. Therefore, rather than focus on moments of fidelity and compliance I have 

provided data in this chapter on potential moments of variation for the teachers. Whilst these 

potential moments of variation were identified in the design of Chapter 4, I interpret them as 

actual moments of variation when the teachers’ actions contrast with their stated desires 

around professional learning. To structure my discussion, I link the three participating 
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teachers’ conscious desires from sub-section 7.3.1 to their actions seen in RAM sessions 1, 2 

and 3.  

7.4.1 Inferring Drew’s self-sabotage in actual moments of variation 

In this sub-section I separate Drew’s conscious desires around professional learning 

into desires around mathematics, teaching mathematics, and learning mathematics. This then 

allows me to link those desires to Drew’s actions seen in RAM sessions 1, 2 and 3 

respectively. 

Drew’s self-sabotage in RAM session 1 around beliefs about mathematics 

From sub-section 7.2,.1, I infer Drew was consciously seeking to overcome a 

contradiction between developing teachers’ mathematical knowledge and teachers’ lack of 

mathematical confidence through participation in the RAM programme. However, I interpret 

Drew’s actions during the small group discussion as an actual moment of variation since they 

show a conflict between Drew’s unconscious actions and conscious desires. Drew dominated 

the small group discussion and left Ronnie feeling unimpressed and Jo feeling inadequate. 

Therefore, according to McGowan’s (2019) explanation of the divided self, I consider Drew’s 

actions as the unconscious self-sabotage of conscious desires. Furthermore, I suggest this 

interpretation indicates Drew unconsciously sustained the conditions for the contradiction to 

be maintained. 
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Drew’s self-sabotage in RAM session 2 around beliefs about teaching mathematics 

Regarding their own teaching, Drew identified a desire to overcome the contradiction 

between teaching problem-solving style lessons and the use of the Task Ladder lesson 

structure through involvement in the RAM programme. Therefore, I infer actual moments of 

variation as taking place when Drew’s unconscious actions contrast with Drew’s conscious 

desires. Out of the three teachers, Drew had intended to adhere most closely to the original 

research lesson plan and adopted many of the phases suggested. However, I see some of the 

ways in which Drew adjusted the research lesson plan as being the unconscious undermining 

of conscious desires. As shown in Figure 7.1, Drew created angle questions for students to 

complete at the start of the lesson. The inclusion of these starter questions was justified based 

on needing to align with the Task Ladder lesson structure, despite the research lesson plan 

supporting a simple verbal recap. Moreover, Drew created two questions which would allow 

students to see the need for multiple steps of reasoning when solving angle problems. I see 

Drew’s actions as an attempt to pre-empt to students the approach that would be needed 

during the individual problem-solving phase. Furthermore, as can be seen in Figure 7.1, not 

only did Drew create starter question for the recall phase but Drew also summarised the whole 

research lesson plan into the format of a Task Ladder lesson. Therefore, I interpret Drew’s 

actions as acts of self-sabotage which unconsciously sustain the contradiction between 

developing problem-solving style lessons and the Task Ladder lesson structure.  



 

253 
 

Drew’s self-sabotage in RAM session 3 around beliefs about learning mathematics 

Regarding learning mathematics, I suggest Drew expressed a conscious desire of 

overcoming the contradiction between developing mathematical understanding, and students 

“going through the motions” (Interview 0 [Drew], 00:05:32), through participation in the 

RAM programme. Drew had explained how they saw learning mathematics as not being about 

reproducing processes, but about learning through making sense of the mathematics. 

Therefore, I infer Drew’s action in the form of an unplanned change to the diagram 

construction in the research lesson as a moment of variation. Drew elected not to construct the 

diagram with the students and missed the opportunity for mathematical insight. Indeed, in 

interview Drew recognised the decision to ask students to only sketch the diagram was a 

missed opportunity for students to gain mathematical understanding. In a key moment of the 

lesson, with an opportunity to facilitate reasoning and sense making, Drew made an unplanned 

change. I interpret this action as an act of self-sabotage which undermined Drew’s conscious 

desire to develop mathematical understanding. 

An alternative explanation of Drew’s actions 

I have suggested actual moments of variation can be inferred when Drew dominated 

the small group problem solving, adjusted the research lesson, and made unplanned changes to 

the research lesson. My claim is that Drew’s actions can be explained as the unconscious 

undermining of conscious desires through a contradiction informed understanding of the 

divided self. However, I acknowledge other interpretations of these actions are possible and so 
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seek to ensure Drew’s ‘views are presented’ (BERA 2024, p. 13). Following the development 

of this theme I met with Drew via Microsoft Teams to ask Drew to comment on the three 

moments of variation I identified, to explain my philosophical perspective, and to explain my 

interpretation. I asked Drew how they would explain the actions I have here called actual 

moments of variation.  

After consideration of the small group discussion, Drew suggested their leading role 

resulted from their excitement in using a unique approach, and through wanting to help Jo see 

Ronnie should not always be considered “the mathematics teaching expert” (Interview 4 

[Drew], 00:04:05). Drew also explained how they felt compelled to model and display the 

Task Ladder lesson structure for their research lesson since this was the school policy they had 

been passing on from the school leadership team (Interview 4 [Drew]). Finally, Drew felt that 

forgetting to construct the problem was simply a mistake they would not make if they tried the 

lesson again (Interview 4 [Drew]). After explaining the idea of the divided self, Drew 

(Interview 4 [Drew], 00:06:21) felt my interpretation was “not unreasonable”, though “you'd 

need to be a psychologist” to establish whether it was correct. I acknowledge Drew’s 

alternative explanations are plausible, and I return to consider the tension between different 

interpretations in section 7.5. 



 

255 
 

7.4.2 Inferring Jo’s self-sabotage in actual moments of variation 

In this sub-section I separate Jo’s conscious desires around professional learning into 

desires around mathematics, teaching mathematics, and learning mathematics. This then 

allows me to link those desires to Jo’s actions seen in RAM sessions 1, 2 and 3 respectively. 

Jo’s self-sabotage in RAM session 1 around beliefs about mathematics 

Drawing on sub-section 7.3.1, I interpret Jo as having a desire to overcome a 

contradiction between developing mathematical problem-solving skills and their own lack of 

mathematical confidence, through participation in the RAM programme. Hence, when actions 

conflict with desires, I interpret some of Jo’s actions during the individual problem-solving 

phase as actual moments of variation. During this stage Jo had an opportunity to experience 

mathematical problem-solving, and the time to plan out how to approach the problem. 

However, despite being asked to work individually and given time to find as many methods as 

possible, Jo elected to walk over to Ronnie to ask for help within the first few minutes of the 

activity. I interpret this action as Jo unconsciously undermining their stated desire and instead 

unconsciously maintaining the contradiction between problem-solving and personal 

confidence. 

Jo’s self-sabotage in RAM session 2 around beliefs about teaching mathematics 

Drawing on sub-section 7.3.1, Jo expressed a desire to overcome a contradiction 

between facilitating student thinking and telling students what to do through participation in 
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the RAM programme. Jo’s conscious desire stemmed from their observed lesson feedback, 

and from seeing the ways in which an art teacher facilitated student conversation. Therefore, 

when actions conflict with desires, I interpret some of Jo’s actions as occurring in moments of 

variation. For instance, I interpret Jo teaching a lesson prior to the research lesson, to re-cover 

the topic of finding angles on parallel lines, as an act of self-sabotage. Jo explained covering 

this content was necessary to remind students of the basic rules but stands in contrast to the 

contradiction Jo hoped to overcome. Furthermore, Jo created starter questions for the research 

lesson to reminded students of the rules that had been considered in the previous lesson. In a 

similar fashion, I interpret Jo planning to give out prompt cards during the individual problem-

solving phase as an unconscious undermining of desires. Whilst Jo could have planned to 

allow students time to work on the problem a planned adjustment was made with the intention 

of simplifying, and shortening, the student experience. For me, Jo’s actions could be 

interpreted as unconscious acts of self-sabotage which sustain the contradiction between 

facilitation and instruction. 

Jo’s self-sabotage in RAM session 3 around beliefs about learning mathematics 

I interpret data from section 7.3.1 as suggesting Jo wished to resolve a contradiction 

between students taking responsibility for learning and students completing questions, through 

participation in the RAM programme. Consequently, I interpret some of Jo’s unconscious 

actions within the taught research lesson as actual moments of variation. For instance, I 

interpret the unplanned action of using an additional starter question to smooth the student 

experience as an unconscious act of self-sabotage. Jo sketched the question shown in Figure 
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7.3, on the board, modelled the required thinking, and effectively proceduralised an approach 

for the individual problem-solving phase. Despite a conscious desire for students to take 

responsibility, Jo’s actions unconsciously undermined this desire and suggest Jo wished to 

maintain the contradiction. The unplanned change took away almost any opportunity for 

students to take responsibility for their own learning. 

An alternative explanation of Jo’s actions 

I have suggested actual moments of variation can be inferred from Jo’s actions during 

the individual problem solving, in making planned adjustments to the research lesson plan, 

and in the unplanned introduction of further support during the live research lesson. In these 

moments of variation, I interpret Jo’s actions as the unconscious undermining of their 

conscious desires. Jo declined the opportunity to discuss this second theme, however I feel it 

is appropriate to provide alternative interpretations of actions based on my other interviews 

and experience of Jo.  

In Chapter 4, I noted Jo was a new teacher who lacked mathematical confidence and 

lacked teaching confidence. Indeed, in interview Jo attributed the action of speaking to Ronnie 

during the individual problem-solving as stemming from feeling self-consciousness around 

not knowing how to solve the problem. Jo explained that no one had ever shown them how to 

do the type of problem we were looking at before. Furthermore, Jo’s lack of classroom 

confidence around student behaviour may also provide an explanation for the planned and 

unplanned research lesson adjustments. It could be argued Jo made adjustments that would 
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reduce the likelihood of students misbehaving by ensuring students knew how to approach the 

angle between parallel lines question. Finally, I think there is a plausible interpretation of Jo’s 

unplanned research lesson adjustments as simply being a response to student needs. Jo’s 

lesson took place with a low attaining year 9 class and so the shortening of the individual 

problem-solving phase, and provision of prompt cards could be seen as responsive in-lesson 

adjustments. I acknowledge the plausibility of these explanations and return to consider the 

tension between different interpretations in section 7.5. 

7.4.3 Inferring Ronnie’s self-sabotage in actual moments of variation 

In this sub-section I separate Ronnie’s conscious desires around professional learning 

into desires around mathematics, teaching mathematics, and learning mathematics. This then 

allows me to link those desires to Ronnie’s actions seen in RAM sessions 1, 2 and 3 

respectively. 

Ronnie’s self-sabotage in RAM session 1 around beliefs about mathematics 

Based on section 7.3.1, I interpret Ronnie as expressing a conscious desire to 

overcome the contradiction between learning from others and their confidence in their current 

approach through participation in the RAM programme. Thus, when actions conflict with 

desires, I interpret some of Ronnie’s actions in RAM session 1 as actual moments of variation. 

Firstly, Ronnie expressed discomfort in how Drew had taken over in the small group 

discussion when explaining the method involving connecting two points. Rather than 

appreciate the mathematical connections, Ronnie felt marginalised and dismissed the method 
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as being inefficient. Secondly, during the whole-group discussion around grouping methods, 

Ronnie was reluctant to accept the classification based on the nature of the auxiliary line. 

Ronnie argued in favour of an alternative classification which would place the focus on area 

by looking at what shapes were created to solve the problem. Thirdly, although it took place in 

RAM session 2, Ronnie was cynical of the claimed benefits of the TTP style of lesson 

approach. Ronnie dismissed the claims by suggesting other factors, such as high levels of 

youth suicide in Japan, should be considered. Despite Ronnie claiming they wanted to learn 

from others, I interpret Ronnie’s unconscious actions as acts of self-sabotage which 

maintained the contradiction between learning from others and current practices. 

Ronnie’s self-sabotage in RAM session 2 around beliefs about teaching mathematics 

Drawing on sub-section 7.3.1, I suggest Ronnie hoped to overcome the contradiction 

between a teacher explaining mathematics and a teacher ensuring students completed work 

through participation in the RAM programme. I infer this from Ronnie’s recognition that the 

Teaching Ladder lesson structure had shifted their approach from helping students make sense 

of mathematics and toward ensuring there were visible signs of students completing work. 

Therefore, when actions conflict with desires, I interpret some of Ronnie’s actions as 

occurring in actual moments of variation. Firstly, Ronnie adjusted the research lesson plan to 

include a recall starter consisting of ten questions to prepare students for the learning. As seen 

in in Figure 7.2, this adjustment included both single-step and multi-step questions that would 

provide students with a reminder of the facts they would need for the lesson. Secondly, 

Ronnie made a planned adjustment of not constructing the diagram in the posing a new 
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problem phase of the research lesson plan. Instead, Ronnie adapted the research lesson plan to 

include handing out copies of the diagram to get “onto the problem solving as quickly as you 

can” (Interview 2 [Ronnie], 00:16:00). Ronnie elected not to utilise the opportunity for student 

insight that careful construction of the diagram might provide. I interpret Ronnie’s 

unconscious actions as acts of self-sabotage around Ronnie’s conscious desire to overcome 

the contradiction between explaining mathematical insight and directing students to complete 

questions. 

Ronnie’s self-sabotage in RAM session 3 around beliefs about learning mathematics 

I infer Ronnie as wishing to overcome the contradiction between modelling 

mathematical discussion and students’ lack of ability to discuss mathematics through 

participation in the RAM programme. Therefore, as described in sub-section 7.3.4, I see 

Ronnie’s unconscious action of not noting down student methods during the individual 

problem solving as an unconscious act of self-sabotage. Whilst Ronnie claimed they did not 

look at students’ ideas to avoid looking officious, they made an unplanned decision which 

undermined their stated desire. Furthermore, in the lesson phase requiring the orchestration of 

student discussion, Ronnie randomly selected a student but was unable to make sense of the 

method. Ronnie’s action had further consequences later in the lesson when Ronnie decided 

not to take the opportunity to highlight the links between different methods. In a lesson phase 

ideal for modelling mathematical discussion Ronnie instead decided “stuff it we're done” 

(Interview 3 [Ronnie], 00:21:05). Ronnie had previously shown their understanding of the 

importance of this part of the lesson and had implied their desire to show students a 
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classification based on area. Therefore, I suggest these actions can be understood as moments 

of self-sabotage.  

An alternative explanation of Ronnie’s actions 

I have interpreted Ronnie’s actions of not listening to others, the planned research 

lesson plan adjustments, and the unplanned research lesson adjustments as actual moments of 

variation. I have suggested Ronnie’s actions can be interpreted as an unconscious undermining 

of conscious desires. Ronnie declined the opportunity to discuss the development of this 

theme, though I still believe it is appropriate to offer alternative interpretations in line with my 

knowledge of Ronnie. As explained in Chapter 5, Ronnie was an experienced teacher who 

was successful with the approach they adopted in the classroom and thought deeply about 

student learning. In addition, Ronnie had been hurt by the enforced Task Ladder lesson 

structure and expressed frustration with Drew’s role in enforcing its use. Hence, Ronnie may 

have been reluctant to learn from Drew in the small group phase of RAM session 1. Similarly, 

Ronnie’s more general distrust of authority may account for a reluctance to learn from others 

throughout the RAM programme. In addition, Ronnie’s planned adjustments of creating 

starter questions and handing out a copy of the problem on a sheet may have been borne of a 

desire to save time. Also, Ronnie explained their decision not to look at students’ methods 

during the individual problem-solving phase came from not wanting to appear officious and 

not wanting students to feel watched. Finally, the decision not to classify the different 

methods at the end of the lesson could have resulted from simply running out of time, or from 

feeling the lesson up to that point had not quite progressed as planned. This sense of worrying 
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about their teaching approach and a concern for students’ wellbeing provides a possible 

alternative interpretation of Ronnie’s actions. 

7.5 Implications of this theme 

I have explained how I have interpreted some teacher actions, seen in the RAM 

programme, as unconscious acts of self-sabotage. Before drawing together my thinking 

around moments of variation I return to make some general observations about alternative 

interpretations of the data I have presented. 

7.5.1 Alternative interpretations of the data 

In Chapter 5 I identified how I do not see this study as simply telling the story of the 

participants. Instead, it has been my intention to use participants’ experiences to provide an 

interpretation of the RAM programme according to my contradiction informed perspective. I 

have endeavoured to ensure I have not misrepresented the participants’ desires or experiences 

in what I have shared. Furthermore, I have seen it as my ethical responsibility to provide 

Drew’s views of my thinking, and plausible interpretations on behalf of Jo and Ronnie. I 

recognise these alternative explanations are feasible, but suggest they require an alternative 

philosophical perspective that does not interpret significance in actions. As per McGowan 

(McGowan 2019, p. 43), I do see significance in actions since I consider ‘what we do 

manifests our desire in a way that our thinking cannot’. Therefore, I have taken care to record 

teacher’s conscious desires around professional learning and used this understanding to claim 

significance in actions. 
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Despite not sharing my philosophical views, Drew graciously accepted the possibility 

of the interpretation I offered. However, seeking to discuss whether an individual is 

unconsciously undermining their conscious desires is unlikely to be straightforward. I 

recognise the difficulty of my approach, but suggest it is required since:  

the subject cannot know what it’s doing because it is constantly thwarting its 
own good and finding satisfaction in this self-derailing. If one consciously 
thwarts oneself, one is no longer actually thwarting oneself (McGowan 2019, 
p. 51). 

Therefore, I feel it has been incumbent on me to infer the moments of unconscious 

self-sabotage through the careful approach I adopted. I sought to base my interpretations on a 

clear definition of moments of variation, by designing potential moments of variation into the 

RAM resources, by examining what participants wrote and said about the potential moments 

of variation, and by taking note of the participants’ conscious desires. Hence, I claim a 

contradiction informed interpretation of the divided self provides a plausible explanation for 

participants’ actions in moments of variation in the RAM programme. 

7.5.2 Commonalities in the moments of variation of the three teachers 

Within my interpretation of teacher actions, I have used the structure of overcoming 

contradiction between A and B through C, where C has been identified as participation in the 

RAM programme. However, I have not yet discussed the second part of McGowan’s (2019) 

explanation of the divided self which suggests conflicting actions imply satisfaction is found 

in C, rather than achieving A. 
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Implications of acts of self-sabotage 

I argue my interpretation of actions in the RAM programme has a wider implication 

for the understanding of mathematics DPD. As per McGowan (2019, p. 51), I suggest acts of 

self-sabotage reveal an individual finds satisfaction in the ‘repetition of failure’. Hence, I 

interpret the existence of self-sabotage as collectively indicating participants do not find 

satisfaction in attaining the object of a professional development programme, but through their 

failure to attain it. In this study, I argue teacher satisfaction would not be found in attaining a 

TTP-style of teaching, but in the process of experimenting and reflecting on the approach. 

McGowan (2019) illustrates the idea of the repetition of failure with the example of an 

individual repeatedly buying the latest version of a new car. He argues the individual’s 

satisfaction is unconsciously found in the repeated process of buying, rather than in attaining, 

the car. I suggest a similar structure is revealed in this study, where the acts of self-sabotage 

illustrate participants do not find satisfaction in attaining a style of teaching, but in its 

exploration. I interpret the participants’ unconscious actions as revealing a desire to sustain, 

rather than resolve, contradiction. This interpretation can be further supported by considering 

what would happen if any of the participating teachers had executed the perfect RAM research 

lesson. I suggest none of the teachers would have been satisfied, and instead, Drew, Jo and 

Ronnie would move on to consider other alternative teaching approaches. Applying my 

reading of McGowan, I suggest pedagogic satisfaction is not found ‘in the conclusion of the 

game but in the confrontation that it makes possible’ (McGowan 2019, p. 63). Therefore, I 

claim in mathematics DPD success should not be understood as whether a teacher adopts a 



 

265 
 

new belief, or whether a lesson is taught with fidelity. Instead, success should be understood 

as whether the approach being studied helps teachers to engage with contradiction through 

consideration of the beliefs about mathematics education and the moments of variation.  

Whilst I think there are opportunities for consideration of actions in all moments of 

variation, participants’ reflections following the unplanned adjustments to the research lesson 

were particularly important. As shared in section 7.4, it was at this stage that the three teachers 

made perceptive reflections on their experiences. Drew claimed to have wobbled and to have 

re-thought the amount they directed their class. Jo claimed to have understood the benefit of 

working on one problem in the lesson to deepen student understanding. Even Ronnie, who did 

not feel they had found something to change their approach, made a connection to realising 

they could have helped students discuss more in the lesson. The teachers understood the 

success of the RAM programme in terms of their personal progression, not in terms of 

reaching the same end outcome. I am conscious these insights were revealed through 

interview and suggest this may indicate the need to further develop how to design for 

reflection around moments of variation in mathematics DPD. 

7.6 Summary of Chapter 7 

In this chapter I provided results and discussion to support my second theme of 

moments of variation are acts of self-sabotage. I presented results around the actions of Drew, 

Jo, and Ronnie, as seen in the potential moments of variation of the RAM programme and 

explained in interviews. I interpreted these actions as actual moments of variation when the 
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actions contrasted to the teacher’s conscious desires about professional learning. Therefore, I 

argue contradiction, in terms of the divided self, provides a reasonable interpretation of 

actions seen in moments of variation of the RAM programme. Furthermore, I also suggested 

these moments of variation may be used to collectively infer satisfaction may be found in the 

repetition of failure. Hence, I argue teachers gain satisfaction from the experience of 

professional development programmes, rather than in attaining the practices or beliefs they 

seek to examine.
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Chapter 8. 

Analysis of theme 3: belief trajectories show journeys not destinations 

8.1 Synopsis of Chapter 8 

In the previous two chapters I shared the themes of beliefs are interdependent, and 

moments of variation are acts of self-sabotage. In this chapter, I extend my interpretations to a 

third theme of belief trajectories show journeys not destinations. For this analysis, I provide 

results indicating the teachers’ views on beliefs seen in elements of the Rethinking 

Approaches in Mathematics (RAM) programme. Results are provided for the three 

participating teachers’ views on the first session (RAM element 1), the original research 

lesson plan (RAM element 2), and their taught research lesson (RAM element 3). In my 

discussion I firstly suggest the RAM programme is seen as reflecting simultaneously 

interdependent beliefs about mathematics education. From this, I secondly suggest there is a 

link between teachers’ views of the RAM programme and their personal beliefs about 

mathematics education. I claim the participants view the RAM programme as revealing less of 

their dominant belief, and more of a non-dominant belief, relative to their personal beliefs 

about mathematics education. Thus, I argue belief trajectories reveal the journey of 

reconciliation to contradiction, rather than the destination of a particular belief. 
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8.2 Introduction 

As discussed in Chapter 4, at the end of RAM sessions 1, 2, and 3, I asked teachers to 

provide their views on an element of the RAM programme according to a specific domain of 

beliefs about mathematics education. RAM session 1 focused on the mathematics needed for 

the research lesson, and so participants were asked to provide weightings on the beliefs about 

mathematics they felt were seen in the session (RAM element 1). RAM session 2 focused on 

teaching mathematics, and so participants were asked to provide weightings on the beliefs 

about teaching mathematics they felt were seen in the original research lesson plan (RAM 

element 2). RAM session 3 focused on learning mathematics, and so participants were asked 

to provide weightings on the beliefs about learning mathematics they felt were seen in their 

taught research lesson (RAM element 3). Within this theme I firstly identify how beliefs about 

mathematics education seen in the RAM programme were understood as interdependent. 

From this, I argue the interdependence of the beliefs seen in the RAM programme is related to 

the teacher’s personal beliefs about mathematics education. This leads to my claim that belief 

trajectories reveal the journey of reconciliation to contradiction, rather than the destination of 

a particular belief. To this end, I share the teachers’ weightings, and their comments on those 

weightings, made in interview following each session. The codes that contributed to the 

development of this theme are shown in Table 8.1.
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Codes 

Beliefs about mathematics seen in RAM element 1  
Beliefs about teaching mathematics seen in RAM element 2 
Beliefs about learning mathematics seen in RAM element 3 
Beliefs about mathematics education seen in RAM elements 
Less of my dominant belief 
More of my non-dominant beliefs 

Table 8.1 Codes contributing to the theme of the existence of belief trajectories 

8.3 Results supporting the theme of belief trajectories show journeys not destinations 

In this section I share data around Drew, Jo, and Ronnie’s views of the beliefs about 

mathematics education they felt were seen in each of the three specified RAM elements. The 

belief weightings the participants provided were recorded in the documents Beliefs [name], 

and these results are triangulated with interview comments taken from Interview 1 [name], 

Interview 2 [name] and Interview 3 [name]. I structure my results by looking at the individual 

RAM elements 1, 2 and 3 before considering mean average views of the RAM programme 

elements. 

8.3.1 Views of beliefs about mathematics seen in RAM element 1 

At the end of RAM session 1, participating teachers were asked to provide weightings 

for the beliefs about mathematics they felt were seen in RAM element 1 (the first session). 

The weightings for Drew, Jo and Ronnie are shown in Table 8.2, with a bold font used to 

highlight the highest weighting for each teacher. 
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Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 10 30 60 
Jo 45 35 20 
Ronnie 5 35 60 

Table 8.2 Teachers’ views of the beliefs about mathematics seen in RAM element 1 

Additionally, the data from Table 8.2 is displayed in the form of a triangular plot in 

Figure 8.1 with a dotted line indicating the participants’ dominant belief category. 

 

Figure 8.1 A triangular plot of views of beliefs about mathematics seen in RAM element 1 
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As can be seen in Figure 8.1, Drew and Ronnie had very similar views of the beliefs 

about mathematics seen in RAM element 1, whilst Jo’s were quite different. In interview, all 

three teachers indicated the weightings were a fair reflection of their views and revealed how 

they considered the beliefs as interdependent. 

Drew’s views of interdependent beliefs about mathematics seen in RAM element 1 

From Table 8.2, Drew gave an ordered weighting of Connectionist (60%) Discovery 

(30% ) Transmission (10%) for RAM element 1. When asked to explain these weightings, 

Drew (Interview 1 [Drew], 00:19:30) began by justifying the high Discovery weighting as 

being a result of “us working independently, trying to create as many solutions as we could”, 

and concluded “so, you know, that fits pretty squarely in B [Discovery]”. Drew (Interview 1 

[Drew], 00:19:40) then revealed how they saw beliefs as interdependent by explaining the 

Connectionist weighting resulted from the “doing it together” whole group discussion which 

“built on the independent work”. Drew (Interview 1 [Drew], 00:19:40) expanded on this by 

reading the Connectionist descriptor from the RAM materials and exclaiming, “that's exactly 

what we did – the teacher and learner create together through discussion”. 

Jo’s views of interdependent beliefs about mathematics seen in RAM element 1 

Jo also provided a justification of their ordered weightings of Transmission (45%) 

Discovery (35%) Connectionist (20%) for RAM element 1. Jo (Interview 1 [Jo], 00:14:08) 

began by focussing on the Transmission weighting and stated the RAM session showed “the 
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core is the rules”. In addition, Jo (Interview 1 [Jo], 00:14:08) then explained how their 

difficulties with the individual problem solving illustrated the importance of knowing the rules 

since, “I didn’t know the rules so I struggled with the individual bit”. Jo then indicated an 

understanding of interdependence between the Transmission and Discovery categories by 

stating:  

these are all just rules, but it's, it's amazing how many different rules you could 
apply to the problem and like how, how you take them, and the, like, the paths 
you'd go down just by applying a different rule in each situation (Interview 1 
[Jo], 00:14:08). 

Still referring to rules, Jo (Interview 1 [Jo], 00:14:08) then explained the discussions 

“opened my eyes up to it being more about how you apply those rules”. Hence, Jo (Interview 

1 [Jo], 00:14:08) suggested the Discovery and Connectionist weightings reflected the value of 

“a flow of ideas, just from discussing our methods”. 

Ronnie’s views of interdependent beliefs about mathematics seen in RAM element 1 

As shown in Table 8.2, Ronnie provided ordered weightings of Connectionist (60%) 

Discovery (35%) Transmission (5%) for RAM element 1. Ronnie (Interview 1 [Ronnie], 

00:19:44) justified their dominant Connectionist weighting by suggesting my role as the 

facilitator “makes it more interesting, and it, it just engages more”. Ronnie (Interview 1 

[Ronnie], 00:19:34) built on this by explaining how I demonstrated a belief about mathematics 

that required drawing “attention to the important learning” and hence showed the connections 

within mathematics. Ronnie then explained how they saw my facilitation as only possible 
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following “us discovering for ourselves” (Interview 1 [Ronnie], 00:19:32) and hence the 

Discovery weighting of 35%. Finally, Ronnie justified the Transmission weighting as being 

the result of when I took control in my role as facilitator of the session. Once again, Ronnie 

(Interview 1 [Ronnie], 00:19:34) recognised the interdependence of the belief categories by 

saying “you told us when to move on, and that’s why I put a little bit of A [Transmission] in. 

Because I think you knew what you wanted us to get out of it”. 

8.3.2 Views of beliefs about teaching mathematics seen in RAM element 2 

Following the second RAM session, participants were asked to provide weightings for 

the beliefs about teaching mathematics they felt were shown in RAM element 2 (the original 

version of the RAM research lesson plan). The weightings for the three teachers are shown in 

Table 8.3, with a bold font used to highlight the highest weighting provided by each teacher. 

Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 10 30 60 
Jo 20 20 60 
Ronnie 0 50 50 

Table 8.3 Teachers’ views of the beliefs about teaching mathematics seen in RAM element 2 

Additionally, the data from Table 8.3 is displayed in the form of a triangular plot in 

Figure 8.2 with a dotted line used to highlight the dominant belief category provided by each 

teacher. 
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Figure 8.2 A triangular plot of views of beliefs about teaching mathematics seen in RAM 

element 2 

As can be seen in Figure 8.2, all three teachers provided a dominant belief weighting 

category of Connectionist for RAM element 2. (Though Ronnie provided a joint highest 

weighting in both the Connectionist and Discovery categories). Once again, in interview, all 

three teachers accepted the weightings were a fair reflection of their views and revealed how 

they considered the beliefs as interdependent. 
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Drew’s views of interdependent beliefs about teaching mathematics seen in RAM element 2 

From Table 8.3, Drew gave ordered weightings of Connectionist (60%) Discovery 

(30%) Transmission (10%) for RAM element 2. In interview, Drew explained their 

weightings by noting the connections between the different roles expected of the teacher in the 

RAM research lesson plan. Working through the phases of research lesson plan, Drew 

(Interview 2 [Drew], 00:21:02) firstly identified the phase of “when you remind them of the 

rules, and draw the diagram” as influencing the Transmission weighting. From explaining the 

rules, Drew identified the next phase of “individual problem solving” (Interview 2 [Drew], 

00:21:02) led to the Discovery weighting. Similarly, Drew explained the progression to 

Connectionist could be seen in the teacher facilitated discussion “when you bring it all 

together” (Interview 2 [Drew], 00:21:02). Drew (Interview 2 [Drew], 00:21:02) then 

explained how the Discovery weighting felt most important since it allowed the teacher to 

choose how to act, “for me, the absolute key to this lesson is the facilitation” and “the way the 

teacher draws the learning together”. For Drew (Interview 2 [Drew], 00:21:02) it is the teacher 

who must “make sure that connections are made, drawing out mistakes and misconceptions”. 

Jo’s views of interdependent beliefs about teaching mathematics seen in RAM element 2 

As show in Table 8.3, Jo gave an ordered weighting of Connectionist (60%) Discovery 

(20% Transmission (20%) for RAM element 2. Jo (Interview 2 [Jo], 00:25:50) emphasised the 

interdependence they saw on the Transmission category by explaining “this lesson is built off 

the recall task at the start”, and continued, “if you don’t get that right then the students can’t 
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do much”. Jo then explained how the Discovery weighting reflected the facilitation of 

individual problem solving in the research lesson plan. However, Jo (Interview 2 [Jo], 

00:26:19). still related the problem solving back to the importance of the teacher creating a 

recall starter so students could “try and do the creative thing based on, well, what I’ve just told 

them I guess” Finally, Jo (Interview 2 [Jo], 00:25:50) explained the highest weighting of 

Connectionist was given because the research lesson plan needed the teacher “bringing it all 

together”. However, once again, Jo (Interview 2 [Jo], 00:25:50) noted interdependence with 

the Transmission category underpinned even this phase of the research lesson plan, since the 

teacher would “need to know the new knowledge they [the students] need”. 

Ronnie’s views of interdependent beliefs about teaching mathematics seen in RAM element 2 

As shown in Table 8.3, Ronnie provided an ordered weighting of Connectionist (50%) 

Discovery (50%) Transmission (0%) for RAM element 2. When asked about these 

weightings, Ronnie (Interview 2 [Ronnie], 00:11:31) immediately dismissed the Transmission 

category since there is “no telling in this lesson”. However, Ronnie (Interview 2 [Ronnie], 

00:11:31) did recognise the interdependence of the Connectionist and Discovery categories 

since “one doesn’t happen without the other”. Ronnie (Interview 2 [Ronnie], 00:11:31) also 

indicated they did not give a higher weighting to Connectionist since they felt the research 

lesson plan was “a little prescriptive”. When asked to expand, Ronnie (Interview 2 [Ronnie], 

00:12:00) may have indicated a Transmission belief in stating “my understanding of the C 

[Connectionist] descriptor is that it’s about non-linear dialogue. Well this isn’t, is it? It’s 

dialogue, but it’s not non-linear if I know where it’s going”.  
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8.3.3 Views of beliefs about learning mathematics seen in RAM element 3 

Following the third RAM session, participants were asked to provide weightings for 

the beliefs about learning mathematics they felt were seen in RAM element 3 (their taught 

version of the RAM research lesson). The weightings for the three teachers are shown in 

Table 8.4, with a bold font used to highlight the highest weighting for each teacher. 

Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 15 60 25 
Jo 10 45 45 
Ronnie 0 70 30 

Table 8.4 Teachers’ views of the beliefs about learning mathematics seen in RAM element 3 

Additionally, the data from Table 8.4 is displayed in the form of a triangular plot in 

Figure 8.3 with a dotted line used to highlight the dominant belief category of each teacher. 
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Figure 8.3 A triangular plot of views of beliefs about learning mathematics seen in RAM 

element 3 

As can be seen in Figure 8.3, the three teachers viewed RAM element 3 as mostly 

displaying a Discovery belief about learning mathematics. (Though Jo provided a joint highest 

weighting to both the Discovery and Connectionist categories). In interview, all three teachers 

indicated the weightings were a fair reflection of their views and revealed how they saw the 

beliefs as interdependent. 
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Drew’s views of interdependent beliefs about learning mathematics seen in RAM element 3 

From Table 8.4, Drew gave ordered weightings of Discovery (60%) Connectionist 

(25%) Transmission (15%) for the third RAM element of their taught research lesson. When 

asked about these weightings, the teachers confirmed how they saw learning taking place 

across many parts of the lesson. For example, Drew (Interview 3 [Drew], 00:00:19:58) 

explained the highest weighting was given to Discovery since most student learning came 

from “when they were doing the problem on their own”. Similarly, Drew (Interview 3 [Drew], 

00:00:19:58) explained there “should probably have been more Connectionist”, but running 

out of time meant there was less learning in the drawing together stage which did not happen 

“as well as I would’ve liked”. Drew (Interview 3 [Drew], 00:00:20:29) also added the 

Transmission weighting resulted from seeing student learning taking place in the recall starter 

where students were reminded of rules such as the meaning of “the words alternate and 

corresponding”. 

Jo’s views of interdependent beliefs about learning mathematics seen in RAM element 3 

As shown in Table 8.4, Jo gave ordered weightings of Connectionist (45%) Discovery 

(45%) Transmission (10%) for the third RAM element of their taught research lesson. Jo 

explained how they saw both the individual problem-solving phase, and their adjusted small 

group work phase, as the main contributors to student learning. Jo (Interview 3 [Jo], 00:22:20) 

provided a high Discovery weighting since, “for some of them [the students] they got a lot out 

of trying the problem”. However, Jo (Interview 3 [Jo], 00:22:20) also recognised there was “a 
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significant minority that learnt very little” during this phase. Therefore, Jo (Interview 3 [Jo], 

00:22:20) explained the Connectionist weighting was given since these students “got loads out 

of the prompt cards”. For Jo (Interview 3 [Jo], 00:22:20), the use of prompt cards reflected a 

Connectionist belief since it gave Jo the opportunity to “walk round and listen in and try to 

prompt them”. 

Ronnie’s views of interdependent beliefs about learning mathematics seen in RAM element 3 

From Table 8.4, Ronnie gave ordered weightings of Discovery (70%), Connectionist 

(30%), Transmission (10%) for the third RAM element of their taught research lesson. In 

interview, Ronnie (Interview 3 [Ronnie], 00:23:04) again dismissed the Transmission 

perspective since “everything was done through their ideas followed by discussion”. Ronnie 

(Interview 3 [Ronnie], 00:23:04) continued by explaining the other two weightings were based 

on which part of the lesson led to the most learning for students. Ronnie suggested (Interview 

3 [Ronnie], 00:23:04) “I think, at the end of the day, I think they got most out of the individual 

problem solving”. However, Ronnie (Interview 3 [Ronnie], 00:23:04) admitted that although 

the teacher led discussion phase did lead to learning, “I was thinking on my feet so there were 

bits that weren’t as good”. Ronnie (Interview 3 [Ronnie], 00:23:51) further explained how 

students became confused by a student shared method, and “I couldn’t work out if it worked” 

so “maybe I ended up muddling things for some of them”. 
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8.3.4 Overall views of beliefs about mathematics education seen in the RAM elements 

An indication of the overall views of beliefs about mathematics education seen in the 

RAM elements can be calculated. In Table 8.5, I provide the calculated mean average 

weightings for each belief category across the three domains taken from the previous sub-

sections. Some caution needs to be exercised in interpreting these numbers, since the three 

RAM elements were very different in nature. However, I suggest it provides a helpful proxy 

for each teacher’s overall view of the RAM programme. 

Name Transmission (%) Discovery (%) Connectionist (%) 

Drew 12 40 48 
Jo 25 33 42 
Ronnie 2 51 47 

Table 8.5 Mean average view of beliefs about mathematics education seen in the RAM 
elements 

Additionally, the data from Table 8.5 is displayed in the form of a triangular plot in 

Figure 8.4, with a dotted line used to highlight the dominant belief category for each teacher. 
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Figure 8.4 A triangular plot of the teachers’ views of beliefs about mathematics education 

seen in the RAM programme 

As can be seen in Table 8.5 and Figure 8.4, I interpret the teachers as seeing the RAM 

programme as simultaneously reflecting interdependent Transmission, Discovery and 

Connectionist beliefs about mathematics education. Transmission beliefs were viewed as 

lowest across the three RAM elements by all three teachers with high weightings provided for 

both the Discovery and Connectionist categories. Drew and Jo overall saw the RAM elements 

as being dominated by Connectionist beliefs, and Ronnie saw very similar levels of Discovery 
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and Connectionist. However, I suggest Ronnie’s high Discovery weighting from RAM 

element 3 had a disproportionate effect on their overall dominant Discovery weighting. 

8.4 Discussion around the theme of belief trajectories show journeys not destinations 

Having shared data about Drew, Jo and Ronnie’s views on the beliefs about 

mathematics education underpinning the RAM elements, I now discuss these results in two 

stages. Firstly, I draw attention to how the teachers viewed the RAM elements as reflecting 

interdependent belief categories. However, I also draw attention to the differences in their 

interdependent belief categories. Secondly, I seek to analyse how the differences in belief 

category weightings are linked to the teachers’ personal (interdependent) beliefs about 

mathematics education. 

8.4.1 Teachers’ views of the RAM programme 

In this first sub-section, I discuss the three teachers’ views of the RAM elements 

according to their belief weightings and interview comments. I do this with the intention of 

drawing attention to the interdependence of beliefs, and to the differences in these belief 

weightings. In analysing this theme, I had anticipated there would be differences between the 

teachers’ views of the beliefs seen in each of the RAM elements. I anticipated the most, 

second most, and third most variation would be seen in RAM elements 3, 1, and 2 

respectively. This anticipated variation between a live research lesson, an RAM session, and a 

research lesson plan will be commented on in each of the following sub-section. This paves 
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the way for a discussion in the next sub-section of how I view the RAM programme beliefs as 

being linked to personal (interdependent) beliefs about mathematics education. 

Interdependent beliefs about mathematics seen in RAM element 1 

I interpret all three teachers as viewing the three categories of beliefs about 

mathematics as being interdependent in the whole session of RAM element 1. Drew and 

Ronnie gave dominant Discovery and Connectionist weightings but recognised how these two 

categories were dependent on each other. In addition, Ronnie recognised RAM element 1 

revealed a Transmission view of mathematics as a set of shared facts to help draw the session 

together. Jo displayed the opposite view to Drew and Ronnie in claiming a Transmission view 

of beliefs about mathematics education dominated over the other two categories. However, all 

three teachers recognised the interdependence of beliefs were seen in the individual problem-

solving stage and the small group discussion stage. Drew and Ronnie suggested these two 

phases revealed opportunities for discussion and connecting mathematics, whilst Jo saw them 

as a supporting the application of rules.  

The differences in the weightings given by the three teachers are also of interest. Prior 

to the development of this theme, I had anticipated there would be some variation between the 

teachers in their views around beliefs about mathematics seen in RAM element 1. As shown 

in Table 8.2 and Figure 8.1, Drew and Ronnie provided very similar ordered weightings of 

Connectionist-Discovery-Transmission, whilst Jo had an ordered weighting of Transmission-

Discovery-Connectionist. Despite having very similar experiences of the session, and even 

working together in the small group discussion, Jo saw the beliefs about mathematics in the 
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opposite order to Drew and Ronnie. I seek to link these differences in views to the teachers’ 

personal beliefs about mathematics in the next sub-section. 

Interdependent beliefs about teaching mathematics seen in RAM element 2  

I also interpret teachers views of beliefs about mathematics seen in RAM element 2 as 

being interdependent. Whilst recognising a dominant belief, Drew suggested Connectionist 

beliefs linked each of the phases and Jo argued for Transmission. Moreover, Ronnie 

(Interview 2 [Ronnie], 00:11:31) made a statement I interpret as strongly supporting a 

Hegelian interpretation when identifying Connectionist and Discovery beliefs do not “happen 

without the other”. This statement echoes McGowan’s (2019, p. 73) view that ‘the isolated 

subject is dependent on otherness’. More generally, I note Drew and Jo viewed all three 

categories of beliefs about teaching mathematics as being reflected in the research lesson plan 

of RAM element 2. My interpretation here is conditional on a qualifier of considering the unit 

of consideration as the entire original research lesson plan. As shown in sub-section 8.3.2, 

whilst all three teachers recognised the interdependence, they tended to link a main belief 

category to a separate phase of the lesson. In general, Transmission beliefs were attributed to 

the review of previous learning, which led to the Discovery beliefs of the individual problem 

solving, which led to the Connectionist beliefs of the teacher led discussion. However, taken 

as a whole lesson, I suggest beliefs were viewed as interdependent.  

Once again, the differences in teachers’ weightings of interdependence are also of 

note. I had anticipated RAM element 2 would offer the most potential for consistency in 
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teacher views since it is a written document. Indeed, as shown in Table 8.3 and Figure 8.2, all 

three teachers saw the research lesson plan as reflecting an ordered weighting of 

Connectionist-Discovery-Transmission in terms of beliefs about teaching mathematics. This 

consistency is further confirmed in the teachers all identifying the drawing together of ideas as 

contributing to the Connectionist weighting, and the individual problem solving as 

contributing to the Discovery weighting. However, the three teachers also identified different 

parts of the research lesson plan as the most important guide for their actions. Drew saw the 

drawing together of ideas as the most important teacher role, Jo highlighted the importance of 

reminding students of rules, and Ronnie saw individual problem solving and drawing together 

as equally important elements of their role. Despite differences between how teachers 

interpreted the beliefs behind the same teaching activities, at the level of views of beliefs 

about teaching mathematics there is some consistency. I seek to link these differences in 

interpretation to a teacher’s personal beliefs about teaching mathematics in the next sub-

section. 

Interdependent beliefs about learning mathematics seen in RAM element 3 

I also interpret the teachers’ views of beliefs about mathematics, as seen in RAM 

element 3, as being interdependent. Drew, Jo and Ronnie all gave an ordered weighting of 

Discovery-Connectionist-Transmission and recognised the interdependence of all three beliefs 

about learning mathematics within their taught research lessons. All three teachers had 

dominant weightings of Discovery and based this view on seeing the most student learning 

taking place in the individual problem-solving phase of their research lesson. However, Jo still 
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recognised the interdependence of the problem-solving phase on the Transmission beliefs seen 

in the recall starter. Similarly, Drew and Ronnie saw the potential for more Connectionist 

beliefs in the teacher led discussion was possible based on the strength of the individual 

problem-solving phase. 

I had anticipated RAM element 3 would offer the widest variation in teacher views 

since I had no direct influence on the live research lessons. However, as shown in Table 8.4 

and Figure 8.3, there was considerable consistency between the three teachers’ views. Both 

Drew and Ronnie acknowledged their Connectionist weightings were lower than they should 

have been after they made in-lesson adjustments to their intentions. Drew suggested their 

teacher led discussion was curtailed due to time, and Ronnie acknowledged they did not react 

to student ideas as well as they had hoped. In contrast, Jo saw the planned adjustment of using 

prompt cards as highly influential to their Connectionist weighting. Hence, although the 

weightings appear similar, this does not necessarily mean there was a consistent experience of 

the research lesson. I suggest whilst weightings appear similar, differences remained in the 

teachers’ views of where learning took place. I seek to link these differences in interpretation 

to a teacher’s personal beliefs about learning mathematics in the next sub-section. 

Overall comments on views of beliefs about mathematics education seen in the RAM 

elements 

 The three RAM elements account for three distinct elements of the RAM programme 

– a session, a research lesson plan, and a taught research lesson. I have argued all three 

elements were viewed as revealing interdependence of the three beliefs categories. However, I 
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also note the professional development session (RAM element 1) led to the least consistency 

in terms of teachers’ views. The research lesson plan (RAM element 2) led to relatively 

consistent weightings, but with differences in what teachers saw as important. Finally, the 

teaching of the research lesson (RAM element 3) led to some agreement in weightings, but 

with different reasons for these weightings. These elements are very different in nature and so 

some caution should be exercised when interpreting the mean average weightings given in 

Table 8.5 and Figure 8.4. I see the mean average measure as a helpful proxy for the overall 

view of the RAM programme as reflecting an interdependent, ordered belief about 

mathematics education of Connectionist-Discovery-Transmission. In the next sub-section, I 

move on to suggest the teachers’ views of the beliefs about mathematics education seen in the 

RAM elements are linked to their personal (interdependent) beliefs about mathematics 

education. 

8.4.2 Relative views of the RAM programme compared to personal beliefs 

In this sub-section, I make links to Swan’s (2006a, 2006b) idea of belief trajectories as 

discussed in Chapter 2. Swan (2006a, 2006b), and subsequently Calleja (2022), suggested 

once teachers participate in a Connectionist focused professional development programme, 

they follow one of three belief trajectories. Teachers may follow a belief trajectory from 

Transmission to Discovery, from Transmission to Connectionist, or from Discovery to 

Connectionist (Swan 2006a, Swan 2006b). In effect, Swan (2006a, 2006b) claimed all 

teachers would eventually follow a trajectory to Connectionist beliefs about mathematics 

education. 
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To aid my discussion, I share relative belief weightings in the form of triangular plots 

from Beliefs [name], to show a comparison between a teacher’s view of the beliefs seen in the 

RAM elements and their personal beliefs. For each teacher, I show four triangular plots, the 

first compares the mean average beliefs about the three RAM elements with a teacher’s beliefs 

about mathematics education. The next three plots compare a teacher’s views of RAM 

elements 1, 2, and 3 with their beliefs about mathematics, teaching mathematics, and learning 

mathematics respectively. In addition, as discussed in Chapter 5, I use a black arrow on the 

axis of a triangular plot to indicate a teacher seeing less of a belief in the RAM element 

compared to their personal belief. Similarly, I use a green arrow on the axis of a triangular plot 

to indicate a teacher seeing more of the belief in the RAM element compared to their personal 

belief. 

Drew’s views of professional development linked to personal beliefs 

According to Swan (2006a, 2006b), Drew would be classified as having a personal 

belief about mathematics education of Discovery (see Table 6.2). From this perspective, on 

experiencing a Connectionist dominated professional development programme, Drew could 

be expected to follow a personal belief trajectory from Discovery to Connectionist. In Figure 

8.4, I show the four triangular plots for Drew indicating relative belief weightings by 

comparing personal beliefs to views of the RAM elements. Looking at the arrows on the axes, 

a similar pattern can be seen across all four triangular plots with Drew consistently 

interpreting the RAM elements as showing less Discovery (a black arrow) and more 

Connectionist (a green arrow) than their personal beliefs. In addition, for RAM elements 3 and 
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4, Drew had marginal differences in their Transmission weightings. However, I do not 

interpret these differences as a consistent pattern since the individual Transmission values are 

relatively low, the differences are relatively low, and the direction of difference is not 

consistent. 
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Figure 8.4 Drew’s beliefs against their view of the RAM elements  
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As can be seen in Figure 8.4, Drew viewed RAM elements 1 and 2 as being dominated 

by Connectionist beliefs (60% for both), but RAM element 3 as being dominated by 

Discovery beliefs (again at 60%). However, as indicated by the axis arrows, Drew consistently 

saw more Connectionist beliefs in the RAM elements compared to their personal beliefs 

across all three RAM elements. Even when RAM element 3 was viewed as dominated by 

Discovery beliefs, Drew still saw less Discovery (and more Connectionist) relative to their 

personal beliefs. Hence, I suggest it is not whether an element is consciously seen as reflecting 

a dominant Connectionist belief that is important, but the unconscious relative relationship 

between personal belief and the RAM element. 

I suggest this interpretation could be seen to support Swan’s (2006a, 2006b) 

understanding of belief trajectories. Swan might have anticipated Drew would move from 

Discovery beliefs to Connectionist beliefs, with an emphasis on final position. I suggest 

looking at Drew’s relative views provides a possible explanation for the belief trajectory. 

Since Drew viewed the RAM elements as being more Connectionist than their personal 

beliefs, then Drew might be on a journey from examining Discovery beliefs to examining 

Connectionist beliefs.  

Jo’s views of professional development linked to personal beliefs 

According to Swan (2006a, 2006b), Jo would be classified as having a personal belief 

about mathematics education of Transmission (see Table 6.2). In experiencing a Connectionist 

dominated professional development programme, Swan might anticipate Jo would be on a 

belief trajectory of either Transmission to Discovery or Transmission to Connectionist. In 
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Figure 8.5 I show the four triangular plots for Jo, comparing personal beliefs with views of the 

beliefs seen in the RAM elements. Jo viewed dominant beliefs of Transmission (45%), 

Connectionist (60%) and Discovery/Connectionist (45%/45%) for each of RAM elements 1, 

2, and 3 respectively. However, it is the consistent pattern seen in the green and black arrows 

on each triangular plot that I consider to be noteworthy. Jo consistently saw less Transmission 

(a black arrow) and more Connectionist (a green arrow) in the RAM elements compared to 

their personal beliefs. In addition, other than for RAM element 2, there is some consistency in 

pattern with Jo seeing slightly more Discovery beliefs in the RAM elements compared to their 

personal beliefs. I suggest the change in direction for RAM element 2 is reasonable since, as 

mentioned in Chapter 7, Jo saw little Transmission beliefs in the RAM research lesson plan. 
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Figure 8.5 Jo’s beliefs against their view of the RAM elements 
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Once again, I interpret this data as showing it is not whether an RAM element is 

consciously seen as dominated by a Connectionist belief that is important, but the unconscious 

relative relationship between personal beliefs and the RAM elements. Jo consistently viewed 

the RAM elements as displaying more Connectionist, more Discovery, and less Transmission 

beliefs than their personal beliefs. The importance of this relative relationship is made clear in 

the second plot of Figure 8.5 when considering RAM element 1. Jo consciously saw RAM 

element 1 as being dominated by Transmission beliefs about mathematics. However, 

unconsciously, Jo still suggested RAM element 1 had more Connectionist and Discovery 

(green arrows) and less Transmission (the black arrow) compared to their personal beliefs.  

Again, this understanding of relative beliefs could be used to provide a supporting 

explanation for Swan’s (2006a, 2006b) understanding of belief trajectories. If Jo viewed the 

RAM element as revealing more Connectionist beliefs, then it might be reasonably anticipated 

Jo would be on a journey from Transmission to Discovery. In addition, the existence of green 

arrows on the Discovery axes suggest Jo could also be on Swan’s (2006a, 2006b) other belief 

trajectory from Transmission to Discovery. 

Ronnie’s views of professional development linked to personal beliefs 

According to Swan (2006a, 2006b), Ronnie would be classified as having a personal 

belief about mathematics education of Connectionist (see Table 6.2). If participating in a 

professional development programme examining Connectionist beliefs, then Swan would not 

anticipate Ronnie as being on a belief trajectory. Instead, Swan saw participants with 

Connectionist beliefs remain with Connectionist beliefs after the programme. As per Table 
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8.5, I note Ronnie slightly varied from the other two teachers in overall seeing the RAM 

elements as being dominated by Discovery (51%) over Connectionist (47%) beliefs. However, 

the mean average Discovery weighting was strongly influenced by the high Discovery 

weighting of 70% in the third RAM element. In Figure 8.6, I show the four relative belief 

weighting triangular plots for Ronnie and note that Ronnie saw dominant beliefs of 

Connectionist (65%, 80% and 60%) for each of RAM elements 1, 2, and 3. However, once 

again I suggest it is important to notice the similar pattern in the relative belief weightings 

indicated by the arrows on the axes. Ronnie interpreted the RAM elements as showing less 

Connectionist and Transmission beliefs (black arrows) and more Discovery (green arrow) 

compared to their personal beliefs.
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Figure 8.6 Ronnie’s beliefs against their view of the RAM elements 



 

298 
 

Following the same logic applied to Drew and Jo around relative beliefs, I again 

suggest it is the unconscious relative weightings Ronnie provided that are important, rather 

than the dominant weightings. Consciously, Ronnie identified the RAM elements as being 

dominated by Discovery and Connectionist beliefs. However, unconsciously Ronnie saw the 

RAM elements as displaying more Discovery and less Connectionist beliefs compared to 

personal beliefs. I argue this data, and the use of relative belief weightings, suggests the 

possibility of another belief trajectory from Connectionist to Discovery. Rather than re-

enforcing Connectionist beliefs, Ronnie unconsciously challenges their own Connectionist 

beliefs by viewing the RAM elements as reflecting more Discovery. 

8.5 Implications of this theme 

8.5.1 Views of professional development linked to personal beliefs 

For all three teachers in this study, I suggest their views of beliefs underpinning the 

RAM elements are unconsciously shaped by their personal beliefs about mathematics 

education. For each participant, there appears to be a pattern of seeing less of their dominant 

belief, and more of a non-dominant belief in the RAM elements compared to their personal 

beliefs. For example, Drew sees less Discovery, Jo sees less Transmission, and Ronnie sees 

less Connectionist in the RAM elements compared to their personal beliefs. Similarly, Drew 

sees more Connectionist, Jo sees more Connectionist (and Discovery), and Ronnie sees more 

Discovery in the RAM elements compared to their personal beliefs.  
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Furthermore, I have suggested my interpretation supports, and provides an explanation 

for, the idea of belief trajectories proposed by Swan (2006a, 2006b). I interpret the belief 

trajectories as existing because a teacher views the RAM elements as reflecting less of their 

dominant personal belief and more of a non-dominant belief. This argument means I have 

identified the potential existence of another belief trajectory from Connectionist to Discovery. 

The belief trajectory is dependent on the unconscious relative view that the RAM programme 

has more Discovery beliefs than an individual’s personal beliefs. I see this confirmation and 

extension of belief trajectories as helpful, though additionally suggest a re-interpretation of the 

meaning of a belief trajectory is necessary according to McGowan’s (2019) understanding of 

contradiction. 

8.5.2 Implications for mathematics Dialectic Professional Development (DPD) 

My concern with the idea of a belief trajectory is that it places emphasis on moving 

from belief A to belief B. Drawing on McGowan (2019), I view this perspective as placing 

emphasis on difference, and so potentially obfuscating the existence of contradiction. 

Emphasising difference could suggest it is possible to move from one belief about 

mathematics education to a different noncontradictory belief about mathematics education. 

According to McGowan (2019, p. 118), the idea of difference would be ‘utterly false’ since 

there are no new noncontradictory positions. Instead, I see a belief trajectory as revealing the 

existence of contradiction in a teacher’s dominant belief about mathematics education. I argue 

a belief trajectory does not indicate the resolution of contradiction, but the journey of 

reconciliation to contradiction. For example, I interpret Drew’s belief trajectory from 
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Discovery to Connectionist as indicating Drew is in the process of becoming reconciled to 

contradiction in Discovery beliefs and may move to examine contradiction in Connectionist 

beliefs next. 

This perspective is important for my understanding of mathematics DPD. Firstly, I 

recognise participants do not view a programme as supporting a single belief about 

mathematics education, but interdependent beliefs. In addition, I recognise participants have 

different views of the strength of the interdependent beliefs about mathematics education. 

These differences are linked to personal beliefs about mathematics education a participant has 

and may be more important than those a designer wishes to promote. In mathematics DPD, 

participant should be understood as moving on a journey of being reconciled to the 

contradictions in their dominant belief. 

8.6 Summary of Chapter 8 

In this chapter I have provided results and discussion to support my third theme of 

belief trajectories show journeys not destinations. Developed in response to my research 

question I firstly presented results around the views of the Drew, Jo, and Ronnie on the beliefs 

about mathematics education seen in the RAM elements. These results were taken from belief 

weightings provided at the end of the three main RAM sessions, and from interview 

comments discussing the weightings. I argue, rather than seeing one belief category the 

participants recognised the interdependence of all three within the RAM programme. Whilst 
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there were points of similarity between the teachers, there was variation at the domain level, 

and variation in the significance of experiences.  

Following the recognition of variation between teachers, I presented relative data 

comparing personal beliefs about mathematics education with views of the RAM programme. 

In summary, I suggest the participants saw less of their dominant belief about mathematics 

education and more of a non-dominant belief. By taking this perspective, I then suggested the 

potential existence of a new belief trajectory from Connectionist to Discovery. However, and 

more importantly, I also reflected on the importance of a different understanding of a belief 

trajectory. In line with my contradiction informed perspective, rather than focusing on 

destination, I suggest a belief trajectory reveals the journey of reconciliation to contradiction. 
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Chapter 9. 

Conclusion 

9.1 Synopsis of Chapter 9 

In the previous three chapter I presented my analysis of three themes identified in 

response to my research question. In this final chapter I summarise the themes, make 

recommendations, and reflect on the contradiction informed perspective that has led to my 

interpretations. For the Rethinking Approaches in Mathematics (RAM) programme, I suggest 

the development of opportunities for reflection around moments of variation should be 

considered in a longitudinal case study. For the more general case of mathematics Dialectic 

Professional Development (DPD), I commend it as an opportunity to contribute to the 

formation of teacher beliefs about mathematics education based on an understanding of 

contradiction. Consequently, I call for education policy makers to distinguish between teacher 

professional development in the form of student programmes and those in the form of teacher 

programmes. I suggest this distinction should lead to the allocation of time and money to the 

development of mathematics teachers through teacher programmes such as those based on 

mathematics DPD. In doing this an emphasis should be placed on teacher experimentation, 

beliefs, and reflection grounded in an understanding of contradiction. I suggest this distinction 

would provide clarity of purpose around the government of the United Kingdom’s current 

tacit support of a mathematics mastery market. 
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9.2 Recommendations for the RAM programme 

I undertook this study based on my desire to gain insight into teachers’ beliefs about 

mathematics education and their actions in a professional development programme. In 

Chapter 1, I introduced my intention to base this insight on McGowan’s (2019) interpretation 

of Hegelian contradiction. From here I introduced my research question as: how can 

mathematics teachers’ experiences of a Dialectic Professional Development programme be 

interpreted through the lens of contradiction? To facilitate answering this question, I 

examined conceptions of teacher beliefs in Chapter 2 and introduced a model of beliefs about 

mathematics education suggested by Swan (2006a, 2006b). In Chapter 3, using a professional 

development framework (Boylan, Coldwell et al. 2018), I discussed Swan’s design of a 

programme and suggested an emerging specification of mathematics DPD characterised by 

Hegelian contradiction. I exemplified this specification in Chapter 4 in the form of the RAM 

programme, based on adjusted from of lesson study. In Chapter 5, I introduced the case study 

methodology I adopted to answer my research question around the RAM programme as 

experienced by mathematics teachers in a secondary school in the East Midlands of England. I 

also detailed my approach to data, my original use of triangular plots, and explained the 

process of Reflexive Thematic Analysis I have adopted. This process led to the analysis of 

Chapters 6, 7 and 8 where I suggested contradiction can be used to understand the RAM 

programme through the experiences of three secondary teachers. Therefore, I suggested three 

themes of beliefs are interdependent, moments of variation are acts of self-sabotage, and belief 

trajectories show journeys not destinations. 
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9.2.1 Theme 1: beliefs as interdependent 

In my first theme, I suggested contradiction can provide an interpretation of teachers’ 

beliefs about mathematics education in the RAM programme as interdependent. I noted how 

teacher-provided belief weightings, alongside interview comments, can support the 

interpretation that teachers have a dominant belief. However, through a lens of contradiction I 

additionally argued mutual dependence of dominant and non-dominant beliefs can be seen in 

the same data. I interpreted the data to suggest teachers did not view themselves as having a 

single dominant belief category, nor as switching between belief categories, but as 

simultaneously holding interdependent beliefs. Therefore, a set of Transmission, Discovery 

and Connectionist weightings can all be used in combination to describe a teacher’s beliefs 

about mathematics education. For example, a teacher with dominant Transmission beliefs is 

understood as also having interdependent Discovery and Connectionist beliefs at the same 

time. Holding this perspective provides a foundational understanding for the experience of 

teachers in the RAM programme.  

9.2.2 Theme 2: moments of variation are acts of self-sabotage 

In my second theme, I suggested contradiction can support an interpretation of some 

teacher actions as unconscious acts of self-sabotage. I identified these acts as taking place in 

moments of variation where teachers’ unconscious actions conflict with their conscious 

desires. For example, in RAM session 1, I interpreted Jo speaking to Ronnie during the 

individual problem-solving phase as the unconscious act of self-sabotage. Similarly, I 

interpreted Drew reformatting the research lesson into the Task Ladder lesson structure as an 
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unconscious act of self-sabotage. In a similar fashion, I explained Ronnie’s decision not to 

look at student methods during the live research lesson as an unconscious act of self-sabotage. 

Therefore, I suggest contradiction in the form of the divided self (McGowan 2019), provides a 

reasonable interpretation of some teacher actions in the RAM programme. 

9.2.3 Theme 3: belief trajectories reveal journeys not destinations 

In my third theme I suggested contradiction can be used to understand teachers’ belief 

trajectories as journeys rather than destinations. I firstly identified how participants viewed the 

RAM programme as simultaneously supporting interdependent beliefs about mathematics 

education. From this, I suggested the existence of relative relationships between participants’ 

personal beliefs about mathematics education and their views of the beliefs underpinning the 

RAM programme. I interpreted data as indicating participants saw less of their dominant 

belief, and more of their non-dominant beliefs, in the RAM programme. For example, Drew 

viewed the RAM programme as supporting less Discovery and more Connectionist, Jo saw 

less Transmission and more Connectionist, Ronnie saw less Connectionist and more 

Discovery. I suggested the first two of these relationships provide a reason Swan saw teachers 

moving toward Connectionist beliefs in his professional development programme. Since two 

teachers viewed the RAM programme as reflecting more Connectionist beliefs compared to 

their personal beliefs, this was their trajectory. However, the third relationship additionally 

suggests the potential existence of a belief trajectory from Connectionist to Discovery. I claim 

a relative belief of less Connectionist and more Discovery provides a plausible account for the 



 

306 
 

existence of this new trajectory. Hence, I suggest belief trajectories reveal participants’ views 

of the RAM programme are strongly influenced by their personal beliefs. 

9.2.4 Future development of the RAM programme 

Reflecting on the RAM programme, there are some areas I suggest could be further 

developed. Firstly, as noted in Chapter 2, I am conscious Swan’s (2006b) descriptions of 

beliefs about mathematics incorporated elements of the descriptions of beliefs about teaching 

mathematics and beliefs about learning mathematics. Returning to descriptions more in line 

with those suggested by Ernest (1989a), and shown in Table 2.1, may provide a helpful 

distinction for teachers. This adjustment would provide clarity for teachers when reflecting on 

their beliefs about mathematics.  

Secondly, whilst reflections on beliefs about mathematics education were integrated 

into the RAM programme, there may be an opportunity for further development of reflection 

around moments of variation. In this study I suggested McGowan’s (2019) theory of the 

divided self provides a reasonable interpretation of some teacher actions. However, slightly 

naively, in my initial design of the RAM programme I assumed teachers would simply spot 

contradiction and realise implications for themselves. The challenge for the RAM programme 

would be to design clearer opportunities for participants to reflect on their moments of 

variation, and what these moments may reveal according to an understanding of the divided 

self. Practically, structuring reflections around the planned adjustments to the research lesson 

plan, and unplanned adjustments to the research lesson, may be simpler than reflecting on 

reactions to opportunities for challenge in the programme. 
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Thirdly, I also suggest there would be benefits of longitudinal research into teachers’ 

experiences of the RAM programme. My study took place over one academic year, with 

teachers who had already experienced the current system of professional development over 

many years. I would like to gain further insight into teacher’s longer-term experiences and 

how this relates to the feelings of apathy, confusion, and anger (Woodford, Clapham and 

Serret 2023) that I suggest teachers may experience in current forms of professional 

development. The practicalities of studying these long-term effects are not simple, but a case 

study asking teachers about their views in these areas, in the context of the RAM programme, 

would be beneficial.  

9.3 Recommendation for mathematics DPD 

Having applied contradiction to interpret the experiences of participants in the RAM 

programme, I also consider what insights each of these themes provides for the more general 

approach of mathematics DPD. 

9.3.1 Implications of theme 1 for mathematics DPD 

In Chapter 6, I additionally suggested the examples of the three teachers in this study 

could be used to support the claim that the theoretical belief categories are contradictory. As 

McGowan (2019, p. 100) argues, ‘if we try to keep a concept pure from its negation, we lose 

the concept itself’. Therefore, I suggest each category of beliefs about mathematics education 

is ‘also what it is not and has its identity in what negates it’ (McGowan 2019, p. 85). Hence, I 

suggest the theoretical categories of Transmission, Discovery, and Connectionist may be 
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understood as contradictory through their interdependence. This understanding of beliefs 

about mathematics education has implications for my thinking around mathematics DPD. I see 

Swan’s original use of the model as facilitating the measurement of the development of 

beliefs. However, my interpretation of the model would facilitate seeing interdependence of 

beliefs. By providing opportunities for teachers to see interdependence of beliefs, the risks I 

associate with traditional professional development programmes of teacher apathy, confusion, 

and anger (Woodford, Clapham and Serret 2023) may be reduced. Hence, if incorporated into 

mathematics DPD, my interpretation of Swan’s belief model could be used to contribute to the 

formation of teachers’ beliefs about mathematics education through an understanding of 

contradiction. 

9.3.2 Implications of theme 2 for mathematics DPD 

In Chapter 7, I additionally suggested contradiction can support a general inference on 

the source of teachers’ satisfaction in professional development programmes. Returning to 

McGowan (2019), I suggested teachers find satisfaction from the experience of professional 

development, rather than from attaining the object of the programme. In this study, I 

interpreted teachers as unconsciously deriving satisfaction from the experience of studying 

Teaching Through Problem-solving (Takahashi 2021), rather than from attaining the 

approach. Acts of self-sabotage are understood as the unconscious seeking to sustain the 

conditions for contradiction rather than resolve it. The implication for mathematics DPD of 

this perspective is to design opportunities for moments of variation for participants to reflect 

on as part of the programme. In this way teachers’ actions, seen in these moments of variation, 
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become transformed as holding significance. Rather than simply determine their response to 

mathematics DPD, a participant should be helped to reflect on what that response reveals. 

Mathematics DPD should not focus on sameness and fidelity, but on facilitating learning 

through reflection around moments of variation. 

9.3.3 Implications of theme 3 for mathematics DPD 

In Chapter 8 I suggested contradiction places an emphasis on the journey, rather than 

the destination, of a mathematics belief trajectory. Swan focused on reporting the destination 

of the development of Connectionist beliefs using the model he created. As such, development 

of Connectionist beliefs could be interpreted as the resolution of contradiction. However, in 

line with McGowan (2019), I argue there are no noncontradictory positions, and I interpret all 

belief categories as being interdependent. Therefore, I see a relative belief weighting as 

revealing the contradiction participants are being confronted with and providing an indication 

of the next belief position they may move to examine. I argue a belief trajectory reveals the 

journey of reconciliation with contradiction rather than the destination of the resolution of 

contradiction. The implication for mathematics DPD is to suggest teachers create unconscious 

mathematics belief trajectories based on their personal beliefs, rather than on any intended 

beliefs in the programme. 

9.3.4 Developing the framework specification for mathematics DPD 

 In Table 9.1, I summarise my recommendations around mathematics DPD according 

to the framework suggested by Boylan, Coldwell et al. (2018). 
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Framework element Summary for mathematics DPD 

Philosophical foundations McGowan’s (2019) explanation of Hegelian dialectics with contradiction understood as an 
ontological feature. 

Purpose The formation of participants’ beliefs about mathematics education. 
Components A linear path model from the mathematics DPD programme to teacher experimentation to 

teacher reflection to the formation of teacher beliefs. 

Scope An adjusted form of a lesson study cycle which include the stages of examination of 
participants existing beliefs about mathematics education, examination of mathematics, 
examination of teaching mathematics, teaching the research lesson, and examination of 
learning mathematics.  
Throughout the programme, opportunities for participant reflection on: 

• beliefs about mathematics,  

• beliefs about teaching mathematics, 

• beliefs about learning mathematics, 

• what potential moments of variation may reveal. 
Theory of learning The formation of beliefs takes place through the journey of reconciliation to contradiction, 

rather than in attaining the examined approach. 

Agents of change Participants understood as agentic, with an acknowledgement of the divided self (2019) in the 
form of the unconscious and conscious. 
Potential moments of variation should be included in the design, and opportunities for 
reflection built around these. 

Table 9.1 A summary of recommendations for mathematics DPD 
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9.4 Further recommendations 

Having considered recommendations within the RAM programme, and reflected on 

implications for mathematics DPD, I now suggest wider recommendations resulting from my 

study. These recommendations are structured toward policy makers and system leaders, and 

toward researchers of teacher beliefs.  

9.4.1 Recommendations for policy makers and system leaders 

My first recommendation to policy makers and system leaders is to acknowledge the 

distinction between professional development which seeks to change student outcomes, and 

professional development which seeks to support teacher change. For simplicity, I will refer to 

the former as a student programme and the latter as a teacher programme. A student 

programme would be characterised by a sequenced set of lesson resources, would be focused 

on student outcomes, and may be suitable for evaluation through a randomized controlled 

trial. In addition, I suggest there are risks associated with a student programme of causing 

apathy, confusion, and anger in teachers (Woodford, Clapham and Serret 2023). In contrast, a 

teacher programme would be characterized by experimentation and reflection, with a focus on 

teacher development. Whilst a student programme is predicated on an ‘emphasis on sameness’ 

(Strom and Viesca 2021, p. 221), I suggest a teacher programme should be predicated on an 

emphasis on variation through contradiction. Therefore, I commend mathematics DPD, with 

its consideration of beliefs about mathematics education and learning from moments of 

variation, as potentially reducing the risks I associate with student programmes.  
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I recommend education policy, around teacher professional development, allocates 

time for mathematics teachers to participate in teacher programmes which contribute to the 

professionalisation of teaching (Stigler and Hiebert 2009). For example, mathematics DPD, as 

an adjusted form of lesson study would provide opportunities for the formation of teachers’ 

beliefs, rather than dictating the adoption of a single approach. Indeed, Ofsted (2025), the 

government agency that inspects schools in England, have proposed distinguishing between 

schools who use professional development to ‘implement’ (Ofsted 2025, p. 6), and schools 

who seek to create a professional learning culture. This language reflects a similar recognition 

to the distinction I make between student programmes and teacher programmes. Therefore. I 

argue education policy in England should follow an intentional path of allocating time for 

mathematics teachers to participate in teacher programmes that seek to create an ‘effective 

professional learning culture, in which staff take responsibility for their professional learning’ 

(Ofsted 2025, p. 6). 

One immediate application of this policy in England would be in the arena of the 

government created mathematics mastery market (Boylan and Adams 2024). I suggest actors 

in the mathematics mastery market should be distinguished based on whether they offer a 

student programme or a teacher programme. I suggest actors such as the Ark Mathematics 

Mastery programme and White Rose Maths provide examples of well-resourced student 

programmes which may be suitable for evaluation through randomized controlled trials. I 

therefore suggest a government funded organisation, such as the National Centre for 

Excellence in the Teaching of Mathematics (NCTEM), has a responsibility to provide teacher 
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programmes. The nature of these teacher programme would be to support teachers in 

examining the approaches offered by student programmes, rather than supporting a particular 

approach. Rather than emphasise the five big ideas of Teaching for Mastery, policy should 

shift toward supporting teachers to evaluate mastery approaches and understand their 

responses to these approaches. Mathematics DPD offers one way in which organisations such 

as the NCETM could examine these different pedagogical approaches to support the 

formation of beliefs. Most importantly, mathematics DPD would recognise the 

interdependence of teachers’ beliefs, the interdependence of beliefs within the different 

approaches, and attribute significance to moments of variation. 

 

At the local system level, I have seen an increase in school (and multi academy trust) 

specified approaches to how teachers should operate in a classroom. This approach is typified 

by the Task Ladder lesson structure in this study, and I have similarly seen other school 

leadership teams imposing structures based on behaviour techniques from Teach Like a 

Champion (Lemov 2021). These lesson structures do not provide the lesson resources of a 

student programme, but nor do they focus on reflection of a teacher programme. Instead, it 

appears to me they seek to change teacher beliefs and approaches through what Green (1998) 

described as indoctrination rather than instruction. As seen in this study, policy 

recommendations such as the Task Ladder lesson structure can enforce change on teachers. 

However, teachers should have opportunities to locate themselves, and their response, in 

relation to any new policy. Therefore, I recommend system leaders return agency and 

responsibility to mathematics teachers for consideration of the impact of lesson structures on 
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their pedagogy. Just as the Task Ladder lesson structure in this study revealed the 

interdependence of beliefs, so too could other classroom approaches be used to support 

teacher reflection through an understanding of contradiction. 

9.4.2 Recommendations for researchers of teacher beliefs 

 Whilst my study has focused on beliefs about mathematics education, I suggest my 

work could be extended to teacher beliefs more generally. Traditionally in this area, mutually 

exclusive statements of belief have acted as statements of predication in assigning attributes to 

a teacher (Green 1998). Philosophically, Green (1998) argues these statements of predication 

are synthetic since they are formed through experience rather than logic. This makes possible 

the view that beliefs can be changed through providing experiences such as those based on the 

Task Ladder lesson structure, or classroom behaviour management techniques. In contrast, 

McGowan (2019, p. 223) suggests all statements of predication, including statements of belief 

should be considered as synthetic based on their ‘involvement with otherness’. 

It is this involvement with otherness which provides a different basis for research 

about teacher beliefs. As already discussed, ascribing only positive statements of beliefs to 

teachers provides only a partial understanding. Every statement of a teacher’s beliefs can be 

improved by also identifying ‘the specific way that it fails to be what constitutes it’ 

(McGowan 2019, p. 27). Therefore, I recommend work on teacher beliefs, from a 

contradiction informed perspective, should include attempts to identify the negation. In a 

researcher defined model this might include the use of dominant and non-dominant beliefs. In 

a teacher defined model, this might include noticing what a teacher claims they are and what 
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they are not. Teacher beliefs should be viewed through the lens of contradiction as 

interdependent, as never being stable, and constantly in the process of becoming that which 

they are not. 

9.5 Reflecting on the influence of my philosophical perspective 

As part of the process of Reflexive Thematic Analysis, Braun and Clarke (2021b) 

encourage reflection on the influences that have led to the suggested interpretation. Whilst 

acknowledging a wide variety of influences, I do not wish to reduce my reflexivity to a self-

indulgent ‘feeble confession’ (Parker 2005, p. 28). Instead, I recognise the most important 

influence on my work has been the adoption of a philosophical perspective aligning to 

McGowan’s (2019) interpretation of Hegelian contradiction. I review the influence of 

contradiction on my design of the RAM programme, the data I have prioritised, and the 

themes I have interpreted. This in turn leads to a brief discussion of the applicability of my 

work to a different philosophical context. 

9.5.1 The influence of my philosophical perspective on my design of professional 

development 

In Chapter 1, I suggested a contradiction informed understanding of teacher 

professional development would have to look different from current (dualist) approaches. This 

led to an initial, contradiction informed specification of mathematics DPD in Chapter 3, and 

an explanation of the RAM programme in Chapter 4. I approached the design of the RAM 

programme to meet the purpose of the formation of teacher beliefs through an understanding 
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of contradiction. Furthermore, the design work was influenced by a theory of learning seeking 

reconciliation to, rather than resolution of, contradiction. Therefore, I designed the RAM 

programme with the intention of providing an approach to mathematics education for teachers 

to study rather than suggesting a solution. This subsequently influenced my use of an adjusted 

form of lesson study, and my use of a Japanese lesson as the central resource for the lesson 

study cycle. 

9.5.2 The influence of my philosophical perspective on data collection 

Whilst specifying mathematics DPD in Chapter 3, I also introduced the idea of 

moments of variation stemming from my reading of McGowan’s (2019) work. I suggested 

teachers should be considered the main agent of change in mathematics DPD, but that their 

unconscious actions may be interpreted as undermining their stated desires. Therefore, as 

described in Chapter 4, I designed the RAM programme to include potential moments of 

variation around which I could collect data. Similarly, my inclusion of Swan’s (2006a, 2006b) 

belief questionnaire in the RAM materials, and an adjusted questionnaire to establish 

participants views of the RAM elements, were also informed by my contradiction perspective. 

Consequently, the interview schedules I designed were based on gaining additional insight 

into the belief weightings, and additional insight into teachers’ experiences of the sessions. 

9.5.3 The influence of my theoretical perspective on the development of themes 

My contradiction informed approach also influenced the process of Reflexive 

Thematic Analysis which I undertook. In utilising a deductive style, I coded data conscious of 
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my contradiction informed interpretations of beliefs about mathematics education, moments of 

variation, and the nature of professional development. Whilst recognising suggestions that 

Reflexive Thematic Analysis can be driven by a more inductive orientation (Braun and Clarke 

2021b), I take the view theory will always ‘be present, leading the researcher’s gaze’ 

(Malterud 2016, p. 121). I concur with Braun and Clarke (2021b, p. 210), who similarly 

encourage a researcher to acknowledge ‘the conceptual ideas we (always) come to data and a 

project with’. Therefore, in employing a deductive approach to Reflexive Thematic Analysis I 

did not intend to prove a theory, but to provide a ‘theoretical exploration of qualitative data’ 

(Braun and Clarke 2021b, p. 210). I suggest my themes and analysis provide an exploration of 

understanding teachers’ experiences of the RAM programme according to the theory of 

contradiction. 

9.5.4 Applicability of my interpretations in a different philosophical context  

The importance of my philosophical perspective to this study raises a question of the 

applicability of my interpretation in other philosophical contexts. I firstly acknowledge my 

preference for challenging the status quo through designing mathematics DPD around 

Hegelian contradiction. If a fundamental dualist perspective is never critiqued, then the scope 

for change will always be limited. I have sought to take seriously McGowan’s (2019) claim 

that contradiction is an ontological feature and offer an interpretation of ‘what others have not 

yet seen’ (Stake 1995, p. 136). Secondly, I suggest a dialectic approach to learning can operate 

within a dualist dominated context. McGowan (2019, p. 34) recognises a similar principle 

operates within the realm of philosophy when stating we must hold to ‘the principle of 
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noncontradiction in order to show that it ultimately does not hold’. The noncontradictory 

claims of a dualist approach to professional development should be examined and the 

contradictions revealed. In terms of mathematics DPD, I do not seek to manufacture false 

contradictions, but to encourage participants to identify the contradictions within beliefs about 

mathematics education that already exist. Mathematics DPD is intended to operate in a dualist 

context and lead to the formation of beliefs through an understanding of contradiction. 

9.6 Concluding thoughts 

To conclude, I return to some of the wider thoughts around education introduced in 

Chapter 1 but applied to teacher professional development. Biesta (2020) distinguished 

between education founded in a paradigm of cultivation and education founded in a paradigm 

of experience. In line with Biesta (2020), I see attempts to cultivate ‘capacities and 

capabilities’ (Biesta 2020, p. 1015) in teachers through new experience as insufficient. Whilst 

Biesta (2020) identifies this perspective fails to account for locating the self, through a lens of 

contradiction I additionally suggest it creates unnecessary division. By failing to emphasise 

contradiction, a cultivation approach to teacher professional development risks creating ‘an 

external enemy to fight and a coherent sense of identity for oneself’ (McGowan 2019, p. 13). 

The creation of opponents allows anger to be directed toward others, rather than examine the 

contradiction ‘stemming from our own failure’ (McGowan 2019, p. 12). Therefore, I suggest 

mathematics DPD is essential because it seeks to return the focus to contradiction through the 

conception of beliefs about mathematics education as interdependent. In doing this, 

mathematics DPD seeks to avoid creating enemies, and asks teachers to consider their 
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experience as ‘one experience of contradiction’ (McGowan 2019, p. 122) rather than as an 

alternative experience of noncontradictory difference. 

In line with Biesta (2020), I therefore suggest the conception of teacher professional 

development should be supplemented with an approach based in the paradigm of existence. I 

believe teacher professional development should be ‘concerned with the question of ‘how the 

‘I’ exists as ‘I’’ (Biesta 2020, p. 1015). Mathematics DPD provides individual teachers with 

an opportunity ‘not to forget this question’ (Biesta 2020, p. 1020). Within mathematics DPD, 

participants have opportunities for a personal response to the approach being examined, and 

opportunities to say no to the approach being examined. The formation of individuals’ beliefs 

about mathematics education should take place through experimentation and reflection. In 

addition, through an awareness of contradiction, the opportunity to say no becomes 

transformed by a consideration of what the act of saying no reveals. As McGowan (2019, p. 

43) suggests, ‘what one thinks or claims about oneself falls aside in the face of what one 

does’. Locating how the I exists as I in teacher professional development is vital, but a 

consideration of what this ‘I’ reveals about the self may be transformative. In mathematics 

DPD, reflection on moments of variation has the potential to confront teachers with 

considering what their reactions and adjustments may reveal about the self. 

Conception of teacher professional development matters since it shapes the future of 

an education system. I believe there is a need to provide ways to support teachers to navigate 

the education context that feels increasingly dominated by the polarised competing factions of 
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traditional and progressive. Mathematics DPD, founded in contradiction, offers an approach 

that seeks more than the development of new capacities and capabilities. By conceiving of 

beliefs as contradictory the risk of creating opponents rather than focusing on self are 

mitigated. Furthermore, understanding contradiction in moments of variation can support 

participants to consider how they relate to the approach being examined. Mathematics DPD 

does not seek the resolution of systemic contradiction but offers development for teachers 

through a path to reconciliation with contradiction. 
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Appendix 10 – Example of completed resources from RAM introductory session 
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Appendix 11 – Example of completed resources from RAM session 1 
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Appendix 13 – Example of completed resources from RAM session 3 
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Appendix 14 – The project information sheet and consent form 
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Appendix 15 – A copy of Beliefs [Drew] 
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Appendix 16 – Interview guides 
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Appendix 17 – Example transcript excerpt from interview 1 
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Appendix 18 – Data imported into NVIVO 14 

 

 

Note: When first analysing data, I named one of the teachers as Red, however in my final 
write-up this teacher was renamed to Ronnie.
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Appendix 19 – Initial comments on data 
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Note: When first analysing data, I named one of the teachers as Red, however in my final 
write-up this teacher was renamed to Ronnie.
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Appendix 20 – Generated codes 

Early set of codes 

 

 



 

411 
 

Final set of codes downloaded from NVivo 

 
 
 

Name Files References Modified by
Beliefs about learning mathematics seen in RAM element 3 8 20 MW
Beliefs about mathematics education seen in RAM elements 3 25 MW
Beliefs about mathematics seen in RAM element 1 10 25 MW
Beliefs about teaching mathematics seen in RAM element 2 9 19 MW
Simultaneous beliefs 8 20 MW
External pressure on beliefs 9 38 MW
In line with own research lesson plan 8 22 MW
I also believe this 9 34 MW
Less of my dominant belief 3 22 MW
More of my non-dominant beliefs 3 22 MW
My development as a teacher 3 8 MW
My main belief about learning mathematics 3 17 MW
My main belief about mathematics 8 26 MW
My main belief about mathematics education 3 19 MW
My main belief about teaching mathematics 4 23 MW
Negative features of PD 3 16 MW
Negative reaction to an element of the PD 3 18 MW
Planned changes to the research lesson plan 17 37 MW
Positive features of PD 3 8 MW
Unplanned changes to the live research lesson 8 34 MW
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